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Wklv sdshu vkrzv wkdw  h{lelolw| lq oderxu vxsso| fkdqjhv wkh lq0
fhqwlyhv wr vdyh dqg wkh zhoiduh frvw ri xqfhuwdlqw| lq wkh suhvhqfh ri
lqfrpsohwh pdunhwv1 Ioh{lelolw| fdq ohdg wr lqfuhdvhg suhfdxwlrqdu|
vdylqj ehfdxvh wkh xwlolw| frvw ri vdylqj lv orzhu zkhq oderxu vxsso|
lv  h{leoh1 Krzhyhu/ frqvxpswlrq lv pruh vprrwk dqg zhoiduh kljkhu1
Xqhpsor|phqw ehqhw surylghv dowhuqdwlyh lqvxudqfh djdlqvw qhjdwlyh
zdjh vkrfnv1 Wklv uhgxfhv wkh qhhg iru dvvhw kroglqjv/ exw d pruh
jhqhurxv ehqhw surjudpph fdq ohdg wr lqfuhdvhg dvvhw dffxpxodwlrq
ehfdxvh ghfuhdvhg sduwlflsdwlrq phdqv lqglylgxdov qhhg pruh dvvhwv
lq rughu wr vprrwk frqvxpswlrq1 Lqvxudqfh wkurxjk vhfrqgdu| hduqhu
oderxu vxsso| ehfrphv lqfuhdvlqjo| hhfwlyh/ dqg khqfh uhgxfhv suh0
fdxwlrqdu| vdylqj/ dv wkh fruuhodwlrq ehwzhhq vkrfnv ehfrphv lqfuhdv0
lqjo| qhjdwlyh1
Nh|zrugv= suhfdxwlrqdu| vdylqj/ xqhpsor|phqw ehqhw/ olih0f|foh oderxu
vxsso|/ sduwlflsdwlrq1 MHO Fodvvlfdwlrq= G<4/ K64
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Fudzirug/ Md|dvul Gxwwd/ Dpdqgd Jrvolqj/ Nhq Mxgg/ Hoohq PfJudwwdq/ Kdvkhp Sh0
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 Wklv sdshu xvhv qxphulfdo phwkrgv wr prgho lqglylgxdo fkrlfh ri
oderxu vxsso|/ frqvxpswlrq dqg vdylqjv dfurvv wkh olih0f|foh zkhq
zdjhv duh xqfhuwdlq1
 Xqfhuwdlqw| ohdgv wr lqfuhdvhg oderxu vxsso| dqg uhgxfhg frqvxpswlrq
zkhq |rxqj dqg fdxvhv vdylqj djdlqvw wkh srvvlelolw| ri orz zdjhv lq
wkh ixwxuh1 Lq rog djh/ lqglylgxdov lqfuhdvh frqvxpswlrq dqg ohlvxuh1
 Zkhq oderxu vxsso| lv  h{leoh/ frqvxpswlrq lv pruh vprrwk wkdq
zkhq oderxu vxsso| lv {hg1 Lqglylgxdov fdq vdyh wkurxjk lqfuhdvhg
oderxu vxsso| udwkhu wkdq mxvw wkurxjk uhgxfhg frqvxpswlrq dqg wklv
uhgxfhv wkh qhhg wr jlyh xs frqvxpswlrq1 Wkh zhoiduh frvw ri xqfhu0
wdlqw| lv orzhu zkhq oderxu vxsso| lv  h{leoh1
 Vdylqj lv juhdwhu zkhq oderxu vxsso| lv  h{leoh wkdq zkhq lw lv {hg1
D  h{leoh oderxu vxsso| phdqv lqglylgxdov fdq ydu| oderxu vxsso|
dffruglqj wr wkh uhdolvhg zdjh/ wdnlqj pruh ohlvxuh zkhq wkh zdjh lv
orz/ dqg wklv uhgxfhv wkh qhhg iru vdylqj1 Krzhyhu/ wkh frvw ri vdylqj
lv ohvv ehfdxvh vdylqj fdq eh surylghg e| lqfuhdvhg oderxu vxsso| dv
zhoo dv uhgxfhg frqvxpswlrq1
 Zkhq krxvhkrogv kdyh wzr vrxufhv ri lqfrph/ vhfrqgdu| hduqhuv xvh
wkhlu rzq oderxu vxsso| wr lqvxuh djdlqvw vkrfnv wr sulpdu| hduqhu
lqfrph1 Wklv lqvxudqfh ehfrphv lqfuhdvlqjo| hhfwlyh/ uhgxflqj wkh
qhhg iru suhfdxwlrqdu| vdylqj/ dv wkh fruuhodwlrq ri vhfrqgdu| hduqhu
zdjhv zlwk sduwqhu lqfrph ehfrphv lqfuhdvlqjo| qhjdwlyh1 D qhjdwlyh
fruuhodwlrq phdqv vhfrqgdu| hduqhuv zloo zrun d odujh qxpehu ri krxuv
iru d kljk zdjh zkhq sulpdu| hduqhu lqfrph lv orz exw qrw zrun dw
doo zkhq sulpdu| hduqhu lqfrph lv kljk1
 Xqhpsor|phqw ehqhw surylghv lqvxudqfh dqg wklv uhgxfhv wkh qhhg
iru suhfdxwlrqdu| vdylqj1 Krzhyhu/ lqglylgxdov fkrrvh wr kdyh shulrgv
zkhq wkh| duh qrw zrunlqj dqg wkhuhiruh lqfuhdvh vdylqj wr vprrwk
frqvxpswlrq dfurvv wkhvh shulrgv1 Wkxv/ vdylqj fdq lqfuhdvh zlwk wkh
jhqhurvlw| ri ehqhwv1
54 Lqwurgxfwlrq
Zkhq pdunhwv duh lqfrpsohwh/ lqglylgxdov vdyh djdlqvw vkrfnv wr lqfrph
dqg wkh odfn ri dq lqvxudqfh pdunhw uhgxfhv wkhlu zhoiduh1 Wkhuh lv dq
h{whqvlyh olwhudwxuh vkrzlqj wklv lq prghov zkhuh oderxu vxsso| lv {hg14
Zkhq oderxu vxsso| lv  h{leoh/ krzhyhu/ lqglylgxdov fdq uhdfw wr qhjdwlyh
zdjh vkrfnv e| fkdqjlqj oderxu dv zhoo dv e| glvvdylqj dqg wklv uhgxfhv wkh
zhoiduh frvw ri lqfrpsohwh pdunhwv dv zhoo dv fkdqjlqj wkh lqfhqwlyh wr vdyh1
Wklv sdshu dgguhvvhv wkh txhvwlrq ri zkhwkhu lqglylgxdov vdyh juhdwhu ru ohvv
dprxqwv zkhq oderxu vxsso| lv  h{leoh dqg wkhq fdofxodwhv wkh zhoiduh frvw
ri wkh odfn ri lqvxudqfh lq d prgho zlwk wklv  h{lelolw|1 Wkh odfn ri lqvxudqfh
djdlqvw lqfrph xqfhuwdlqw| kdv ohg wr xqhpsor|phqw ehqhw surjudpv e|
jryhuqphqwv dqg wkhvh dovr plwljdwh wkh frvw ri xqfhuwdlqw|1 Wklv udlvhv wkh
txhvwlrq ri zkhwkhu xqhpsor|phqw ehqhw surjudpv uhgxfh wkh lqfhqwlyhv
wr vdyh dqg wr sduwlflsdwh1
Wkh edvlf prgho lq wklv sdshu glhuv iurp wkh vwdqgdug prgho xvhg iru
suhfdxwlrqdu| vdylqjv dqdo|vlv lq wkuhh zd|v= uvw/ wkhuh lv wkh srvvlelolw|
ri zlwklq0shulrg vxevwlwxwlrq lq dgglwlrq wr lqwhuwhpsrudo vxevwlwxwlrq1 Dv
wkh ghjuhh ri lqwhuwhpsrudo vxevwlwxwlrq ghfuhdvhv/ frqvxpswlrq zlwklq d
shulrg ehfrphv d forvhu vxevwlwxwhv iru ohlvxuh zlwklq wkdw shulrg uhodwlyh
wr frqvxpswlrq lq rwkhu shulrgv dqg vr wkh vsolw ehwzhhq ohlvxuh dqg frq0
vxpswlrq lq dq| jlyhq shulrg ehfrphv ohvv lpsruwdqw wr olihwlph xwlolw| wkdq
wkh ohyho ri wrwdo zlwklq shulrg vshqglqj1 Wkh vhfrqg fkdqjh lv wkdw xqfhu0
wdlqw| lv qrw rqo| ryhu lqfrph/ exw dovr ryhu wkh uhodwlyh sulfh ri wkh jrrgv
lq wkh xwlolw| ixqfwlrq1 Wklv phdqv wkdw wkh lqfrph orvv dvvrfldwhg zlwk d
orz uhdolvdwlrq ri wkh zdjh lv rvhw e| ohlvxuh ehlqj fkhdshu1 Wklv uhgxfhv
wkh frvw ri xqfhuwdlqw| dqg wkh h{whqw ri wklv uhgxfwlrq lqfuhdvhv dv wkh gh0
juhh ri zlwklq shulrg vxevwlwxwdelolw| lqfuhdvhv1 Wkh qdo fkdqjh uhodwlyh wr
wkh prgho zlwk d {hg oderxu vxsso| lv wkdw wkh dgglwlrqdo jrrg/ ohlvxuh/ lv
frqvwudlqhg e| wkh qxpehu ri krxuv dydlodeoh dqg wklv lqwurgxfhv d sduwlfl0
sdwlrq fkrlfh dqg doorzv prghoolqj ri krz xqfhuwdlqw| dhfwv sduwlflsdwlrq
dfurvv wkh olih0f|foh1 Wklv edvlf prgho lv wkhq h{whqghg/ uvw vr wkdw lqgl0
4Iru h{dpsoh/ ]hoghv +4<;<,/ Ghdwrq +4<<4,/ Fduuroo +4<<5, dqg Dwwdqdvlr hw do1 +4<<<,1
6ylgxdov kdyh dq h{rjhqrxv vwuhdp ri xqhduqhg exw vwrfkdvwlf lqfrph iurp
wkhlu sduwqhu dqg vhfrqg/ vr wkdw lqglylgxdov uhfhlyh xqhpsor|phqw ehqhw
li wkh| duh qrw0sduwlflsdwlqj lq wkh oderxu irufh1
Wkh sdshu xvhv qxphulfdo phwkrgv wr vkrz yh pdlq uhvxowv= uvw/ lq
wkh edvlf prgho/ xqfhuwdlqw| phdqv lqglylgxdov zrun pruh krxuv hduo| lq
wkh olih0f|foh dqg ihzhu krxuv zkhq rog1 Vhfrqg/ frqvxpswlrq lv vprrwkhu
zkhq oderxu lv  h{leoh wkdq lw zrxog eh li wkh oderxu vxsso| zhuh {hg eh0
fdxvh suhfdxwlrqdu| dffxpxodwlrq rffxuv wkurxjk jlylqj xs ohlvxuh dv zhoo
dv wkurxjk jlylqj xs frqvxpswlrq1 Wklug/ dvvhw dffxpxodwlrq lv juhdwhu
zkhq oderxu vxsso| lv  h{leoh1 D  h{leoh oderxu vxsso| phdqv wkdw lqgl0
ylgxdov fdq ydu| wkhlu oderxu vxsso| dffruglqj wr wkh uhdolvhg zdjh/ wdnlqj
pruh ohlvxuh zkhq wkh zdjh lv orz/ dqg wklv uhgxfhv wkh ehqhw ri kroglqj
suhfdxwlrqdu| edodqfhv1 Krzhyhu/ wkh frvw ri dffxpxodwlqj suhfdxwlrqdu|
edodqfhv lv ohvv ehfdxvh edodqfhv fdq eh dffxpxodwhg wkurxjk hlwkhu fxwwlqj
frqvxpswlrq ru lqfuhdvlqj oderxu vxsso|1 Iru d zlgh udqjh ri sdudphwhu
ydoxhv frqvlghuhg/ wklv vhfrqg hhfw grplqdwhv dqg dvvhw dffxpxodwlrq lv
juhdwhu1 Irxuwk/ zkhq sduwqhu lqfrph lv lqwurgxfhg/ lqglylgxdov xvh wkhlu
rzq oderxu vxsso| wr lqvxuh djdlqvw vkrfnv wr sduwqhu lqfrph1 Wkh hhf0
wlyhqhvv ri wklv ghshqgv rq wkh fruuhodwlrq ri vhfrqgdu| hduqhu zdjhv zlwk
sduwqhu lqfrph= zkhq wkhvh duh qhjdwlyho| fruuhodwhg vhfrqgdu| hduqhuv fdq
hhfwlyho| lqvxuh wkhlu lqfrph dqg zloo hlwkhu zrun d vljqlfdqw qxpehu ri
krxuv ru qrw sduwlflsdwh dw doo1 Ilqdoo|/ xqhpsor|phqw ehqhw kdv wzr hi0
ihfwv rq dvvhw dffxpxodwlrq= wkh lqfuhdvhg lqvxudqfh uhgxfhv wkh qhhg iru
suhfdxwlrqdu| edodqfhv> exw wklv lv rvhw ehfdxvh lqglylgxdov fkrrvh wr kdyh
shulrgv zkhq wkh| duh qrw zrunlqj dqg xvh vdylqjv wr vprrwk frqvxpswlrq
dfurvv wkhvh shulrgv1 Wkh edodqfh ri wkhvh wzr hhfwv ghshqgv/ lq sduwlfxodu/
rq wkh ghjuhh ri shuvlvwhqfh lq zdjh vkrfnv dqg wkh jhqhurvlw| ri ehqhwv1
Vhfwlrq 5 uhylhzv wkh olwhudwxuh> vhfwlrq 6 rxwolqhv wkh jhqhudo irupxodwlrq
ri wkh prgho> vhfwlrq 7 frpsduhv wkh  h{leoh oderxu vxsso| prgho/ ljqrulqj
sduwqhu lqfrph dqg xqhpsor|phqw lqvxudqfh/ zlwk d {hg oderxu vxsso|
prgho wr vkrz wkh uroh ri oderxu vxsso| lq vhoi0lqvxudqfh1 Wklv frpsdulvrq
lv pdgh uvw/ wkurxjk vkrzlqj olih0f|foh surohv ri frqvxpswlrq dqg vdylqj
7dqg vhfrqg/ wkurxjk fdofxodwlqj olihwlph h{shfwhg frvw ixqfwlrqv1 Vhfwlrq
8 lqwurgxfhv sduwqhu lqfrph dv d irup ri lqvxudqfh> vhfwlrq 9 lqwurgxfhv
xqhpsor|phqw lqvxudqfh dqg vhfwlrq : frqfoxghv1
5 Olwhudwxuh
Wkhuh lv zlgh olwhudwxuh rq wkh olih0f|foh hhfwv ri xqfhuwdlqw| dvvxplqj
oderxu vxsso| lv {hg1 Ghdwrq +4<<4, dqg rwkhuv kdyh vkrzq krz xqfhu0
wdlqw| ohdgv wr dvvhw dffxpxodwlrq iru suhfdxwlrqdu| uhdvrqv zkhq pdujlqdo
xwlolw| lv frqyh{1 Prghoolqj fkrlfh zlwkrxw wkh dvvxpswlrq wkdw oderxu vxs0
so| lv {hg kdv wzr sxusrvhv= uvw/ wr vkrz wkh lpsolfdwlrqv iru lqglylgxdo
ehkdylrxu/ dqg vhfrqg/ wr eh xvhg lq vwuxfwxudo hvwlpdwlrq ri olih0f|foh oderxu
vxsso| prghov zkhq {0frqvwdqw ru wzr0vwdjh exgjhwlqj whfkqltxhv fdqqrw
eh xvhg wr uhfryhu vwuxfwxudo sdudphwhuv1
Khfnpdq +4<:7, h{dplqhg olih0f|foh ehkdylrxu zkhq oderxu vxsso| dqg
vdylqjv duh fkrvhq/ exw xqghu fhuwdlqw| dqg ljqrulqj qrq0sduwlflsdwlrq1 Kh
vkrzhg wkdw frqvxpswlrq fdq wudfn lqfrph hyhq li lqglylgxdov duh xqfrq0
vwudlqhg e| fdslwdo pdunhwv1 Wkh Hxohu htxdwlrq iru ohlvxuh vkrzv wkdw wkh
pdujlqdo xwlolw| ri ohlvxuh pxvw eh kljk zkhq zdjhv duh kljk/ exw li frq0
vxpswlrq dqg ohlvxuh duh dgglwlyho| vhsdudeoh wkhq wklv pxvw eh vdwlvhg e|
ydu|lqj ohlvxuh dorqh dqg wkh frqvxpswlrq sdwk zloo eh  dw1 Krzhyhu/ zkhq
frqvxpswlrq lv qrw dgglwlyho| vhsdudeoh iurp ohlvxuh/ wkh sdwk ri frqvxps0
wlrq ghshqgv rq zkhwkhu ohlvxuh dqg frqvxpswlrq duh vxevwlwxwhv ru frp0
sohphqwv= li wkh| duh frpsohphqwv wkhq wkh kljk pdujlqdo xwlolw| ri ohlvxuh
zkhq zdjhv duh kljk pxvw uh hfw orz ohlvxuh dqg orz frqvxpswlrq1 Li ohlvxuh
dqg frqvxpswlrq duh vxevwlwxwhv/ wkhq wkh kljk pdujlqdo xwlolw| ri ohlvxuh
zloo uh hfw orz ohlvxuh/ exw kljk frqvxpswlrq1 Lq rwkhu zrugv/ frqvxpswlrq
zloo eh kljk zkhq zdjhv duh kljk1 Dv glvfxvvhg lq wkh lqwurgxfwlrq dqg uh0
wxuqhg wr ehorz/ wklv lvvxh ri wkh vxevwlwxwdelolw| ri ohlvxuh dqg frqvxpswlrq
zlwklq shulrgv ghshqgv rq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1 Wkh
vlpxodwlrqv lq vhfwlrq 7 duh dq dwwhpsw wr h{whqg wklv dqdo|vlv wr wkh fdvh
zkhuh zdjhv duh xqfhuwdlq dqg sduwlflsdwlrq lv lpsruwdqw1
Wkhuh kdv ehhq uhvhdufk hvwlpdwlqj prghov ri olih0f|foh oderxu vxsso|
8hlwkhu pdnlqj wkh dvvxpswlrq wkdw zdjhv duh fhuwdlq dqg khqfh xvlqj Iulvfk
hodvwlflwlhv +h1j1 Khfnpdq dqg PdFxug|/ 4<;3> PdFxug|/ 4<;4> Eurzqlqj hw
do1/ 4<;8, ru wdnlqj vdylqjv wr eh d vx!flhqw vwdwlvwlf iru lqwhuwhpsrudo eh0
kdylrxu dqg xvhg wzr0vwdjh exgjhwlqj +Eoxqghoo dqg Zdonhu/ 4<;9> Eoxqghoo
hw do1/ 4<<6> PdFxug|/ 4<;6,1 Ixuwkhu/ Eoxqghoo/ Pdjqdf dqg Phjklu +4<<:,
prgho wkh mrlqw oderxu vxsso|0vdylqj ghflvlrq dqg vkrz zkhq vroxwlrq ri wkh
g|qdplf surjudp lv qrw qhfhvvdu|1
Wkh nh| srlqw/ krzhyhu/ lv wkdw li wkhuh lv xqfhuwdlqw|/ qrq0sduwlflsdwlrq
lv vljqlfdqw dqg frqvxpswlrq dqg ohlvxuh duh qrq0vhsdudeoh/ wkhq lw lv qhf0
hvvdu| wr vroyh wkh vwrfkdvwlf g|qdplf surjudp1 Wkh hylghqfh iurp erwk wkh
XN dqg wkh XV vkrzv wkdw wkh sduwlflsdwlrq lvvxh lv fuxfldo/ zlwk vljqlfdqw
fkdqjhv ryhu wlph lq wkh sduwlflsdwlrq udwhv/ dqg lq sduwlfxodu/ odujh lqfuhdvhv
iru zrphq zlwk kljk hgxfdwlrq ohyhov +Eoxqghoo dqg PdFxug|/ 4<<;,1 Wkhuh
kdv dovr ehhq d ghfolqh ryhu wkh sdvw 63 |hduv lq wkh sduwlflsdwlrq udwhv ri
roghu phq1 Wkh hylghqfh rq wkh qrqvhsdudelolw| ri ohlvxuh dqg frqvxpswlrq
lv ohvv lqyhvwljdwhg/ exw Eurzqlqj dqg Phjklu +4<<4, qg wkdw ohlvxuh lq
d jlyhq shulrg lv qrq0vhsdudeoh iurp frqvxpswlrq zlwklq wkh vdph shulrg1
Vlploduo|/ Eoxqghoo/ Eurzqlqj dqg Phjklu +4<<7, vkrz wkdw lw lv qhfhvvdu| wr
frqglwlrq rq oderxu pdunhw vwdwxv wr rewdlq hvwlpdwhv iurp Hxohu htxdwlrqv
zklfk lghqwli| wkh wuxh sdudphwhuv1
Hfnvwhlq dqg Zroslq +4<;<, prgho wkh g|qdplf sduwlflsdwlrq ghflvlrqv ri
zrphq/ wdnlqj wkh lqfrph ri sduwqhuv wr eh h{rjhqrxv1 Sduwlflsdwlrq lq hdfk
shulrg lv wkh rqo| frqwuro yduldeoh/ dqg wkhuh lv qr vdylqj ru eruurzlqj dqg
qr fkrlfh ri krxuv frqglwlrqdo rq sduwlflsdwlrq1 Wkh nh| g|qdplf hohphqw lq
wklv prgho lv wkdw zdjhv wrgd| ghshqg rq sdvw oderxu pdunhw h{shulhqfh/ dqg
wkhuh lv qr uroh iru xqfhuwdlqw| lq fkdqjlqj sduwlflsdwlrq1 Pruh jhqhudoo|/
zkhq wkh zdjh lv ghshqghqw rq h{shulhqfh/ xqfhuwdlqw| pd| lqgxfh juhdwhu
sduwlflsdwlrq lq wkh fxuuhqw shulrg lq rughu wr lqfuhdvh xwlolw| wrpruurz
wkurxjk d kljkhu zdjh1 Wkh vlpxodwlrqv lq vhfwlrq 8 dlp wr orrn dw wkh
sduwlflsdwlrq fkrlfhv ri vhfrqgdu| hduqhuv doorzlqj iru vdylqj dqg d fkrlfh
ri krxuv1
Krzhyhu/ wkhvh prghov devwudfw iurp dq| xqhpsor|phqw ehqhwv dqg
9wkh hhfw wkdw ehqhwv fdq kdyh rq sduwlflsdwlrq ru dvvhw dffxpxodwlrq1
Lq sduwlfxodu/ wkh idvw +ru lqghhg/ lpphgldwh, zlwkgudzdo ri ehqhwv zkhq
lqglylgxdov vwduw zrun dfwv dv d vhulrxv glvlqfhqwlyh wr ehjlq zrun xqohvv
sodqqlqj wr zrun iru d vljqlfdqw qxpehu ri krxuv dw d uhdvrqdeoh zdjh1
Wklv qrq0frqyh{lw| lq wkh exgjhw vhw wkdw lqglylgxdov idfh lv ljqruhg lq olih0
f|foh dqdo|vlv ri oderxu vxsso| dqg wkh vlpxodwlrqv lq vhfwlrq 9 dwwhpsw wr
dgguhvv wklv lvvxh1 Vrfldo vhfxulw| dovr lpsdfwv rq wkh sduwlflsdwlrq ghflvlrq
wkurxjk wkh wlplqj ri uhwluhphqw +h1j1 Uxvw dqg Skhodq/ 4<<:, exw wkh prgho
lq wkh fxuuhqw sdshu devwudfwv iurp uhwluhphqw wr irfxv rq wkh lqwhudfwlrq
ri xqfhuwdlqw| zlwk sduwlflsdwlrq dqg vdylqjv1 Krzhyhu/ Kxeedug hw do1
+4<<8, vxjjhvw wkdw vrfldo vhfxulw| lv d uhdvrq iru uhgxfhg dvvhw dffxpxodwlrq/
ehfdxvh ri dvvhw0whvwlqj iru uhwluhphqw ehqhwv/ exw wkh| wdnh sduwlflsdwlrq
dqg oderxu vxsso| wr eh h{rjhqrxv1
6 Prgho
Wkh sureohp idfhg e| wkh lqglylgxdo lv wr fkrrvh frqvxpswlrq dqg ohlvxuh
iru hdfk shulrg ri khu olih lq rughu wr pd{lplvh h{shfwhg xwlolw|1 Khu ixwxuh
zdjh udwh lv xqfhuwdlq dqg xqlqvxudeoh/ exw wkh lqwhuhvw udwh lv dvvxphg
wr eh nqrzq dqg frqvwdqw1 Lw lv dvvxphg wkdw xwlolw| lv dgglwlyho| vhsdud0
eoh dfurvv wlph shulrgv/ exw wkdw xwlolw| iurp frqvxpswlrq lv qrw vhsdudeoh
iurp xwlolw| iurp ohlvxuh zlwklq d shulrg1 Wkh glhuhqfh ehwzhhq vshqglqj
rq frqvxpswlrq dqg vshqglqj rq ohlvxuh lv wkdw ohlvxuh lq hdfk shulrg lv
frqvwudlqhg wr eh ehorz wkh pd{lpxp qxpehu ri krxuv dydlodeoh1 Zlwkrxw
wklv frqvwudlqw/ wkh lqglylgxdo zrxog/ lq hhfw/ eh vroylqj iru dq djjuhjdwh
frqvxpswlrq jrrg iru hdfk shulrg/ dqg wkh lqwhu0shulrg ghflvlrq zrxog eh
vhsdudwh iurp wkh lqwud0shulrg ghflvlrq1
















  U>$ r[ r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>$ r[ r%rF r@ li qrw zrunlqj
+5,
zkhuh wkh glvfrqwlqxlw| lq prylqj iurp qrw0zrunlqj wr zrunlqj dulvhv rqo|
li %! Wkhuh lv dovr d frqvwudlqw rq ohlvxuh/
 { Or {  +6,
dqg d whuplqdo frqglwlrq/
$An￿   +7,
zkhuh wrwdo wlph dydlodeoh lq hdfk shulrg lv qrupdolvhg wr  Wlph lq shulrg
W lv vshqw rq ohlvxuh/ O|/ ru zrun1 $| lv wkh dprxqw ri dvvhwv khog dw wkh vwduw
ri shulrg W Z| lv wkh uhdo zdjh/ [| lv sduwqhu lqfrph5 dqg % wkh ohyho ri
xqhpsor|phqw ehqhw/ lqghshqghqw ri djh16 D wd{ rq zdjhv/ q lv ohylhg
wr qdqfh xqhpsor|phqw ehqhw1 Wkh whuplqdo frqglwlrq +7, lv qrw dw doo
lqqrfxrxv lq wkh suhvhqfh ri xqfhuwdlqw|1 Wkh lqglylgxdo nqrzv wkh ohqjwk
ri khu olih/ exw vkh fdqqrw glh lq ghew1 Wklv lpsrvhv d vhyhuh frqvwudlqw rq
wkh eruurzlqj wkdw vkh pd| lqfxu wkurxjk khu olih1 Lq sduwlfxodu/ vkh zloo
qrw eruurz pruh wkdq wkh glvfrxqwhg vxp ri wkh plqlpxp lqfrph vkh zloo
uhfhlyh lq hdfk uhpdlqlqj shulrg ri khu olih +Kdndqvvrq/ 4<:3,1 Wklv uhvwulf0
wlrq rq qrq0froodwhudo eruurzlqj vxjjhvwv wkhuh pd| eh ryhu0lqyhvwphqw lq
jrrgv wkdw fdq eh xvhg dv froodwhudo/ hvshfldoo| krxvlqj1 Wklv lv qrw frqvlg0
huhg khuh/ dqg wkh dvvxpswlrq wkdw lqglylgxdov pxvw kdyh d suredelolw| ri
}hur ri g|lqj lq ghew lv qrw uhod{hg1
Wkh uhdo zdjh lv dvvxphg wr eh ghwhuplqhg e| wkh surfhvv=








zkhuh | lv wkh vkrfn wr zdjhv lq djh W/d q gh |fdswxuhv wkh ghwhuplqlvwlf guliw
ri wkh zdjh htxdwlrq1 Lw lv dvvxphg wkdw sdvw oderxu pdunhw sduwlflsdwlrq
5E| sduwqhu lqfrph/ L phdq wkh lqfrph ri wkh sulpdu| hduqhu lq wkh krxvhkrog1
6Pdnlqj wkh ehqhw ohyho djh0ghshqghqw lq d ghwhuplqlvwlf zd| lv vwudljkwiruzdug>
pdnlqj wkh ehqhw frqglwlrqdo rq wkh dvvhw vwrfn lv vrphzkdw kdughu ehfdxvh wkh ydoxh
ixqfwlrq frqglwlrqdo rq oderxu pdunhw vwdwxv zloo qrw eh prqrwrqlf lq wkh dvvhw vwrfn1
;grhv qrw dhfw wkh fxuuhqw zdjh/ wkxv wkh prgho devwudfwv iurp kxpdq
fdslwdo dffxpxodwlrq dqg wklv lpsolhv wkdw wkh zdjh udwh jurzv zlwk djh
zkhwkhu ru qrw lqglylgxdov sduwlflsdwh1 Vlqfh wkh vkrfnv duh pxowlsolfdwlyh
lq wkh ohyho ri zdjhv/ vkrfnv kdyh d eljjhu lpsdfw lq devroxwh whupv zkhq
wkh zdjh lv kljk1 Wkh yduldqfh ri wkh vkrfnv lv dvvxphg wr eh lqghshqghqw
ri djh1 Lq vhfwlrqv 7 dqg 8/   dqg vr wkh orj ri zdjhv iroorzv d udqgrp
zdon dqg doo vkrfnv wr zdjhv duh shupdqhqw1 Zkhq 7 lv odujh/ ljqrulqj
wudqvlwru| lqfrph vkrfnv lv qrw olnho| wr eh d vhulrxv vlpsolfdwlrq ehfdxvh
LLG wudqvlwru| vkrfnv zloo dyhudjh rxw dfurvv wkh olihwlph dqg kdyh olwwoh
lpsdfw rq suhfdxwlrqdu| vdylqj1 Krzhyhu/ wudqvlwru| vkrfnv pd| kdyh dq
lpsdfw rq sduwlflsdwlrq ehfdxvh lqwhuwhpsrudo vxevwlwxwlrq lv juhdwhu zkhq
vkrfnv duh wudqvlwru|1 Wklv lv kljkoljkwhg lq vhfwlrq 9 zkhuh wkh ydoxh ri 
lv ydulhg1
Sduwqhu lqfrph lv dvvxphg wr eh h{rjhqrxv +dv lq Hfnvwhlq dqg Zroslq/
4<;<, dqg ghwhuplqhg e| wkh qrq0vwdwlrqdu| surfhvv=










zkhuh G| jlyhv wkh ghwhuplqlvwlf guliw lq lqfrph1 Wkh vkrfn wr sduwqhu lq0
frph/ |lv fruuhodwhg zlwk wkh vkrfn wr lqglylgxdo zdjhv/ |/d q gw k hf r h i 0
flhqw ri fruuhodwlrq lv jlyhq e| 1
Wkh uhpdlqlqj dvvxpswlrqv duh dv iroorzv=
+D4, U frqvwdqw dqg   Uz  
+D5, Qr ghprjudsklfv dhfwlqj suhihuhqfhv ru oderxu vxsso|1
+D6, Lqqlwh ghpdqg iru oderxu dw d zdjh htxdo wr wkh pdujlqdo surgxfw ri
oderxu1 Lq rwkhu zrugv/ vkrfnv wr wkh zdjh duh vkrfnv wr surgxfwlylw|1
Dvvxpswlrq $ lv wr vlpsoli| wkh sureohp/ dqg lq dgglwlrq wkh hhfwv
ri lqwhuhvw udwh xqfhuwdlqw| kdyh ehhq h{whqvlyho| dqdo|vhg hovhzkhuh +h1j1/
Vnlqqhu/ 4<;;,1 Vlploduo|/ dvvxpswlrq $ kdv ehhq glvfxvvhg lq Dwwdqdvlr
hw do1 +4<<<,1 Dvvxpswlrq $ uxohv rxw lqyroxqwdu| xqhpsor|phqw/ l1h1
d zdjh ri }hur1 Wkxv doo shulrgv ri qrq0sduwlflsdwlrq duh fkrvhq lq uhvsrqvh
<wr wkh rhuhg zdjh udwh1
Wkh zlwklq shulrg xwlolw| ixqfwlrq lv dvvxphg wr eh lvrhodvwlf dqg Free0








j ￿ 3 D
rp
+:,
Wklv lpsrvhv wkh uhvwulfwlrq wkdw vkduhv ri h{shqglwxuh rq wkh wzr jrrgv lq
W uhpdlq frqvwdqw dv wrwdo vshqglqj lq W lqfuhdvhv/ dqg wklv lv h{sorlwhg lq
wkh vroxwlrq ehorz1
Wkh ydoxh ixqfwlrq ri wkh prgho lv jlyhq e|
9| $|Z | P D [
S |c,|
IXF|O |z(|>9|n￿ $|n￿Z |n￿@J +;,
vxemhfw wr frqvwudlqwv +5, dqg +6,1 Wkh qlwh krul}rq pdnhv wkh ydoxh ixqf0
wlrq qrq0vwdwlrqdu|1 Ixuwkhu/ lw zloo eh nlqnhg lq wkh suhvhqfh ri xqhpsor|0
phqw ehqhw/ dqg vr wkh vroxwlrq phwkrg lq vhfwlrqv 7 dqg 8/ zkhuh %   
glhuv iurp wkdw lq vhfwlrq 91 Erwk phwkrgv duh glvfxvvhg lq wkh dsshqgl{1
7 Vhoi0Lqvxudqfh wkurxjk Oderxu Vxsso|
Wklv vhfwlrq h{dplqhv wkh prgho h{foxglqj sduwqhu lqfrph dqg zlwkrxw
dq| xqhpsor|phqw ehqhw1 Wkh dlp lv wr dgguhvv wkh txhvwlrq ri zkhwkhu
 h{lelolw| lq oderxu vxsso| uhgxfhv wkh qhhg iru suhfdxwlrqdu| vdylqj dqg
lqfuhdvhv frqvxpswlrq vprrwklqj1 Wkh vhfwlrq uvw glvfxvvhv wkh vroxwlrq
wr wkh sureohp/ wkhq vkrzv olih0f|foh surohv lq vxevhfwlrq 714 dqg qdoo|
pdnhv zhoiduh frpsdulvrqv lq vxevhfwlrq 7151
Wkh uvw rughu frqglwlrqv ri wkh ydoxh ixqfwlrq +;, fdq eh uhgxfhg wr=
#XF|O |
#F|






7Zkhq xwlolw| lv lvrhodvwlf/ wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq ghwhuplqhv erwk wkh
h{whqw ri lqwhuwhpsrudo vxevwlwxwlrq dqg dovr suxghqfh zklfk dhfwv wkh ghjuhh wr zklfk
vxevwlwxwlrq lv uhgxfhg e| xqfhuwdlqw|1 Wklv lpsolhv wkdw wkh dprxqw lqglylgxdov fduh









Wkh ydoxh ixqfwlrq lv frqfdyh zkhq %  vr wkh vroxwlrq wr wkhvh uvw0rughu
frqglwlrqv lv d pd{lpxp1
Xvlqj wkh sduwlfxodu irup ri wkh xwlolw| ixqfwlrq +:, jlyhv wkh Hxohu htxd0
wlrq +<, wr eh
F03￿
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zkhuh/ iru qrwdwlrqdo vlpsolflw|/    j r p dqg l   r jrpIxu0











dqg wklv fdq eh vxevwlwxwhg lqwr wkh Hxohu htxdwlrq +44, wr jlyh rqh ixqf0
wlrqdo htxdwlrq lq rqh xqnqrzq ixqfwlrq/ F|$|Z |iru hdfk djh W
Frqvxpswlrq lv d ixqfwlrq ri erwk wkh dvvhw vwrfn dqg wkh zdjh udwh
udwkhu wkdq vlpso| fdvk0lq0kdqg +dv lq Ghdwrq/ 4<<4, ehfdxvh wkh zdjh udwh
kdv wzr hhfwv rq wkh rswlpdo ghflvlrq= d kljkhu zdjh udwh lq shulrg W
phdqv pruh lqfrph lq shulrg W/ exw lw dovr phdqv ohlvxuh lv uhodwlyho| pruh
h{shqvlyh> ixuwkhu/ wkh vl}h ri wkh vxevwlwxwlrq hhfw ri d jlyhq zdjh udwh
ghshqgv rq wkh dprxqw ri dvvhwv khog dqg vr erwk wkh zdjh dqg wkh dvvhw
vwrfn duh qhhghg wr fdofxodwh wkh rswlpdo dfwlrq1 Wkh h{shfwdwlrqv rshudwru
phdqv htxdwlrq +44, kdv wr eh vroyhg qxphulfdoo| zkhq pdujlqdo xwlolw| lv
qrq0olqhdu dqg wkh qxphulfdo vroxwlrq phwkrg lv glvfxvvhg lq wkh dsshqgl{1
Ehiruh wxuqlqj wr olih0f|foh surohv xvlqj wkhvh vroxwlrqv/ lw lv qhfhvvdu|
wr glvfxvv wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh
lpsolhg e| wkh xwlolw| ixqfwlrq +:,1 Lq dq lqwhuwhpsrudo frqwh{w/ wkh uhoh0





zkhuh {| lv wkh pdujlqdo xwlolw| ri lqfrph lq W1W k l v
lv lqwhusuhwhg dv wkh hhfw rq wkh sdwk ri frqvxpswlrq ri zdjhv lqfuhdvlqj














  li XS, ! 
!  li XS,  
+47,
Wkh ghqrplqdwru lv srvlwlyh ehfdxvh xwlolw| lv vwulfwo| frqfdyh dqg wkh gh0
qrplqdwru lv wkhuhiruh wkh ghwhuplqdqw ri d qhjdwlyh0ghqlwh pdwul{1 Xvlqj
htxdwlrq +:,/
XS, FO  rp j r jF#E￿3D￿3￿OE￿3#￿E￿3D￿3￿ +48,
zklfk lv qhjdwlyh li p! lqglfdwlqj zlwklq shulrg frqvxpswlrq dqg ohlvxuh
duh Iulvfk vxevwlwxwhv1 Zkhq p frqvxpswlrq dqg ohlvxuh duh Iulvfk frp0
sohphqwv1 Wklv ghshqghqfh rq wkh ydoxh ri p dulvhv ehfdxvh p ghwhuplqhv
wkh h{whqw ri ghvluhg xwlolw| vprrwklqj= d kljkhu p phdqv lqfuhdvhg xwlolw|
vprrwklqj/ dqg ohvv h{sorlwdwlrq ri srvvlelolwlhv ri lqwhuwhpsrudo vxevwlwx0
wlrq1 Wkh ghvluh iru lqwhuwhpsrudo vxevwlwxwlrq dulvhv ehfdxvh zdjh jurzwk
phdqv xwlolw| wrpruurz ehfrphv pruh h{shqvlyh1 Zkhq p! wkh lqfrph
hhfw ri d kljkhu zdjh wrpruurz grplqdwhv wkh lqwhuwhpsrudo vxevwlwxwlrq
hhfw= lq rwkhu zrugv/ xwlolw| zloo uhpdlq vprrwk/ exw zloo eh kljkhu lq doo sh0
ulrgv1 Wklv phdqv hlwkhu frqvxpswlrq ru ohlvxuh zloo eh kljk lq hdfk shulrg/
zlwk frqvxpswlrq ehlqj kljk zkhq wkh zdjh lv kljk= wklv lv wkh nh| uhvxow
ri Khfnpdq +4<:7,1 E| frqwudvw/ zkhq p / wkh lqwhuwhpsrudo vxevwlwx0
wlrq ri xwlolw| grplqdwhv wkh lqfrph hhfw dqg vr xwlolw| zloo eh lqfuhdvhg
lq shulrgv ri orz zdjhv e| vlpxowdqhrxvo| kljkhu frqvxpswlrq dqg kljkhu
ohlvxuh19
8Wklv whup iru Iulvfk vxevwlwxwdelolw| fdq eh ghulyhg dv iroorzv= dvvxplqj dq lq0
whulru vroxwlrq/ wkh uvw rughu frqglwlrq +43, fdq eh ghfrpsrvhg lqwr wzr htxdwlrqv=
, ES|c, |'b | |E n o dqg S ES|c, |'b |E n oc zkhuh b| lv wkh Odjudqjh pxowlsolhu rq
wkh lqwhuwhpsrudo exgjhw frqvwudlqw +5,1 Wdnlqj wkh wrwdo ghulydwlyh ri wkhvh wzr htxdwlrqv
















Lqyhuwlqj wkh uvw whup rq wkh ohiw kdqg vlgh dqg uhduudqjlqj jlyhv wkh h{suhvvlrq iru
Iulvfk vxevwlwxwdelolw| lq wkh wh{w1
9Wklv ghshqghqfh lv h{dfwo| dqdorjrxv wr wkh frq lfwlqj vxevwlwxwlrq dqg lqfrph hi0
45Krzhyhu/ zkhq zdjhv duh xqfhuwdlq/ Iulvfk vxevwlwxwdelolw| lv qr orqjhu
ydolg ehfdxvh wkh pdujlqdo xwlolw| ri zhdowk ghshqgv rq wkh uhdolvhg zdjh
udwh1 Wklv lv wkh uhdvrq zk| uhfrxuvh wr ixoo vwrfkdvwlf g|qdplf surjudplqj
lv qhfhvvdu| wr hvwdeolvk krz frqvxpswlrq dqg oderxu vxsso| uhvsrqg wr
dqwlflsdwhg dqg xqdqwlflsdwhg fkdqjhv lq zdjhv1 Krzhyhu/ wkh lqwxlwlrq
ehklqg Iulvfk vxevwlwxwhv fdq eh xvhg wr h{sodlq wkh vwrfkdvwlf uhvxowv= d
kljkhu ydoxh ri p lqfuhdvhv ghvluhg xwlolw| vprrwklqj xqghu xqfhuwdlqw|/ dqg
wklv djdlq lqfuhdvhv wkh hhfwlyh vxevwlwxwdelolw| ri zlwklq shulrg ohlvxuh dqg
frqvxpswlrq1 Vlploduo|/ zkhq p z l w k l qs h u l r go h l v x u hd q gf r q v x p s w l r q
duh hhfwlyho| frpsohphqwv1
714 Olih0F|foh Surohv
Wkh uvw dlp khuh lv wr vkrz wkh olih0f|foh surohv ri frqvxpswlrq dqg oderxu
vxsso| xqghu xqfhuwdlqw| zkhq oderxu vxsso| lv  h{leoh1 Wkhvh surohv
vkrz krz frqvxpswlrq/ ohlvxuh dqg vdylqj ydu| zlwk wkh zdjh udwh xqghu
xqfhuwdlqw|1 Wkh vhfrqg dlp lv wr vkrz wkdw d  h{leoh oderxu vxsso| ohdgv wr
juhdwhu suhfdxwlrqdu| vdylqj wkdq d {hg oderxu vxsso|/ dqg dovr wr juhdwhu
frqvxpswlrq vprrwklqj/ iru uhdvrqdeoh sdudphwhu ydoxhv1 Wkh uhvxowv duh
edvhg rq dyhudjh surohv iru 83/333 vlpxodwlrqv xvlqj wkh uhohydqw qxphulfdo
vroxwlrq wr wkh Hxohu htxdwlrq +44, dqg sdudphwhu ydoxhv duh ydulhg wr vkrz
ehkdylrxu dw uhdolvwlf dqg ohvv0uhdolvwlf ydoxhv1
Hhfw ri Xqfhuwdlqw|1 Wkh lqwhuwhpsrudo ehkdylrxu ri frqvxpswlrq dqg
oderxu vxsso| frpsulvhv wkuhh hhfwv= uvw/ sodqqhg lqwhuwhpsrudo vxevwl0
wxwlrq gxh wr wkh ghwhuplqlvwlf wuhqg lq wkh zdjh udwh> vhfrqg/ sodqqhg
lqwhuwhpsrudo vxevwlwxwlrq gxh wr suxghqfh ohdglqj wr wkh ghihuudo ri xwlolw|>
dqg qdoo|/ wkh hhfw ri sduwlfxodu zdjh uhdolvdwlrqv1 Wkhvh hhfwv fdqqrw
eh vhsdudwhg/ dqg wkh dlp ri wkh vlpxodwlrqv vkrzq lq jxuh 4 lv wr vkrz
ihfwv rq frqvxpswlrq iroorzlqj dq lqwhuhvw udwh ghfuhdvh1 Zkhq D: cfrqvxpswlrq lq
wkh fxuuhqw shulrg ghfuhdvhv/ ehfdxvh wkh lqfrph hhfw grplqdwhv> exw zkhq D	 cfrq0
vxpswlrq lq wkh fxuuhqw shulrg lqfuhdvhv ehfdxvh wkh vxevwlwxwlrq hhfw grplqdwhv1 Wkh
lqfuhdvh lq wkh zdjh udwh lq wkh qh{w shulrg lv dqdorjrxv wr dq lqwhuhvw udwh idoo ehfdxvh
wkh sulfh ri xwlolw| lq wkh qh{w shulrg lqfuhdvhv uhodwlyh wr wrgd|1
46wkh frpelqhg hhfw rq lqwhuwhpsrudo frqvxpswlrq dqg oderxu vxsso|1
Uhvxow 4 Xqfhuwdlqw| ohdgv lqglylgxdov wr ghihu xwlolw| e| jlylqj xs erwk
frqvxpswlrq dqg ohlvxuh zkhq |rxqj dqg lqfuhdvlqj erwk zkhq rog/
uhodwlyh wr wkhlu fkrlfh xqghu fhuwdlqw|1
Xqfhuwdlqw| kdv ohvv ri dq hhfw rq erwk frqvxpswlrq dqg ohlvxuh zkhq j
lv htxdo wr 316/ uhodwlyh wr wkh fdvh zkhq lw lv 31:1 Wkh lqwxlwlrq iru wklv lv dv
iroorzv= wkh yduldqfh lq wkh zdjh phdqv wkdw lqfrph ydulhv exw lw dovr phdqv
wkdw wkh sulfh ri ohlvxuh uhodwlyh wr frqvxpswlrq ydulhv1 Li lqglylgxdov fduh
pdlqo| derxw ohlvxuh/ wkhq d kljk zdjh phdqv pruh lqfrph/ exw wklv lv sduwo|
qhjdwhg e| wkh kljkhu sulfh ri ohlvxuh1 Vlploduo|/ wkh qhjdwlyh hhfw ri d orz
zdjh uhgxflqj lqfrph lv sduwo| qhjdwhg e| wkh idoo lq wkh sulfh ri ohlvxuh1
Krzhyhu/ li lqglylgxdov fduh pdlqo| derxw frqvxpswlrq/ wkhq wkh kljk zdjh
phdqv pruh lqfrph dqg d orzhu sulfh ri frqvxpswlrq uhodwlyh wr ohlvxuh1
Wkxv/ wkh pruh lqglylgxdov fduh derxw ohlvxuh uhodwlyh wr frqvxpswlrq/ wkh
ohvv lpsruwdqw lv xqfhuwdlqw| lq wkh zdjh1
Iljxuh 4 dovr vkrzv wkdw wkh frqvxpswlrq sdwk lv pruh frqfdyh zkhq
j    wkdq zkhq j    erwk xqghu fhuwdlqw| dqg xqfhuwdlqw|1 Lq
rwkhu zrugv/ frqvxpswlrq wudfnv wkh zdjh pruh forvho| zlwk d orzhu j
Jlyhq xwlolw| lv ehlqj vprrwkhg dfurvv wlph dqg ohlvxuh lv pruh lpsruwdqw wr
xwlolw| zkhq j     fkdqjhv lq wkh zdjh udwh zloo eh wudqvodwhg sulpdulo|
lqwr fkdqjhv lq frqvxpswlrq udwkhu wkdq fkdqjhv lq ohlvxuh1
Lw lv srvvleoh wr ydu| p wr vkrz wkh hhfw rq frqvxpswlrq vprrwklqj ri
lqfuhdvhg ulvn dyhuvlrq/ dqg dovr lqfuhdvhg suxghqfh1 Krzhyhu/ fkdqjhv lq
p zkhq wkhuh lv zdjh jurzwk kdyh wzr glvwlqfw hhfwv= uvw/ d fkdqjh lq p
fkdqjhv wkh ghjuhh ri Iulvfk vxevwlwxwdelolw| dqg khqfh wkh sodqqhg h{whqw
ri lqwhuwhpsrudo vxevwlwxwlrq ri xwlolw|= d kljkhu p phdqv xwlolw| pxvw eh
vprrwkhu dqg vr frqvxpswlrq lv kljkhu lq shulrgv ri kljk zdjhv1 Vhfrqg/
fkdqjhv lq p fkdqjh wkh dprxqw lqglylgxdov fduh derxw xqfhuwdlqw|/ lqgh0
shqghqw ri zdjh jurzwk1 Wklv odwwhu hhfw lv glvfxvvhg ehorz zkhuh wkh
devhqfh ri zdjh jurzwk pdnhv wkh dqdo|vlv fohduhu1
Lq wkhvh vlpxodwlrqv lw lv yhu| uduh iru lqglylgxdov wr fkrrvh qrw wr sdu0
wlflsdwh1 Lq wkh vlpxodwlrqv uhsruwhg deryh/ doo lqglylgxdov sduwlflsdwh lq
47Iljxuh 4= Olih0F|foh Sdwkv iru Frqvxpswlrq dqg Ohlvxuh
















































Wkh olqhv lq erwk judskv duh qrupdolvhg durxqg d ydoxh ri 4 e| glylglqj dfwxdo ydoxhv e|
wkhlu phdqv1 Phdq frqvxpswlrq dqg ohlvxuh ghshqg rq #1 Wkh judskv vkrz sdwkv iru wzr
ydoxhv ri #/ f dqg f./ kroglqj D '  D 1 Wkh judskv vkrz sdwkv xqghu fhuwdlqw| +odehoohg
j 'f  f , dqg xqghu xqfhuwdlqw| zkhuh j 'f   1
48doo shulrgv1 Wkhuh duh wzr hhfwv khuh zklfk qhjdwh hdfk rwkhu= rq wkh
rqh kdqg/ lqglylgxdov zloo qrw0sduwlflsdwh zkhq wkh zdjh lv orz/ zklfk lq
wkh vlpxodwlrqv deryh phdqv zkhq lqglylgxdov duh |rxqj> rq wkh rwkhu kdqg/
xqfhuwdlqw| pdnhv lqglylgxdov ghihu ohlvxuh dqg vr pdnhv wkhp pruh olnho| wr
sduwlflsdwh zkhq |rxqj1 Krzhyhu/ hyhq zlwk qr ghwhuplqlvwlf zdjh jurzwk/
qrq0sduwlflsdwlrq vwloo rqo| uhdfkhv derxw 418( zkhq j    dqg lv vwloo
qrw revhuyhg zkhq j     Wkh xqghuo|lqj uhdvrq lv wkdw zdjhv duh wkh
rqo| sulpdu| vrxufh ri lqfrph/ dqg qrq0sduwlflsdwlrq zrxog uhtxluh d odujh
glhuhqfh lq zdjhv ehwzhhq glhuhqw shulrgv1
Iljxuh 4 vkrzv wkdw wkh hhfw ri xqfhuwdlqw| rq erwk frqvxpswlrq dqg
ohlvxuh lv juhdwhu wkh odujhu wkh vl}h ri j1 Krzhyhu/ lw lv qrw srvvleoh wr vhh
wkh glhuhqfhv lq dvvhw dffxpxodwlrq ehfdxvh erwk judskv duh qrupdolvhg
wr jlyh olqhv fhqwhuhg rq d ydoxh ri rqh wr doorz frpsdudelolw|1 Iljxuh 5
wkhuhiruh vkrzv wkh h{whqw ri dvvhw dffxpxodwlrq iru wkh glhuhqw vfhqdulrv1
Iljxuh 5= Dvvhw Dffxpxodwlrq dfurvv wkh Olih0F|foh
































Lqglylgxdov ehjlq dqg hqg wkhlu olyhv zlwk qr dvvhw kroglqjv1 Wkh jxuh vkrzv wkh udwlr ri
wkh hqg0ri0shulrg dvvhw vwrfn wr pd{lpxp hduqlqjv/ xqghu fhuwdlqw| +odehoohg j 'f  f ,d q g
xqghu xqfhuwdlqw| +odehoohg j 'f   , dqg iru wzr glhuhqw ydoxhv ri # Pd{lpxp hduqlqjv
lv wkh dyhudjh dfurvv shulrgv dqg dfurvv lqglylgxdov ri pd{lpxp hduqlqjv lq hdfk shulrg
+l1h1 zkhq ,| 'f ,1 Wklv ghqrplqdwru lv fkrvhq udwkhu wkdq wkh phdq ri dfwxdo hduqlqjv
ehfdxvh pd{lpxp hduqlqjv lv lqghshqghqw ri suhihuhqfhv1 D '  D 1
49Zkhq wkh zdjh udwh lv fhuwdlq/ wkh jurzwk lq zdjhv phdqv wkdw lqglylgx0
dov zdqw wr eruurz djdlqvw wkhlu ixwxuh hduqlqjv1 Wklv lv vkrzq lq jxuh 5 e|
wkh wzr olqhv odehoohg      D odujhu ydoxh ri j lpsolhv juhdwhu eruurzlqj
ehfdxvh wkh dyhudjh ydoxh ri oderxu vxsso| lv juhdwhu dqg vr wkh lqglylgxdo
zloo kdyh juhdwhu hduqlqjv wr eruurz djdlqvw1 Xqfhuwdlqw| uhgxfhv wkh h{0
whqw ri eruurzlqj ehfdxvh ri wkh srvvlelolw| ri d vhulhv ri qhjdwlyh vkrfnv
wr zdjhv1 Vxfk d yhu| edg rxwfrph frxog ohdyh dq lqglylgxdo zlwk }hur
frqvxpswlrq li vkh kdv eruurzhg wrr pxfk/ dqg vr vkh fkrrvhv wr frqvwudlq
eruurzlqj1 Lqghhg/ lq shulrgv zkhq wkh zdjh lv kljk/ wkh lqglylgxdo sd|v
r doo eruurzlqj dqg vdyhv djdlqvw uhpdlqlqj vkrfnv1 Dv lpsolhg e| jxuh
4/ wkh hhfw rq eruurzlqj lv juhdwhu zkhq j lv odujhu1
4:Frpsdulvrq ri d Ioh{leoh zlwk d Il{hg Oderxu Vxsso|1 Lq wklv
vhfwlrq wkh hhfw ri d {hg yhuvxv d  h{leoh oderxu vxsso| lv dqdo|vhg iru
jlyhq ydoxhv ri j Lw lv dvvxphg wkdw wkhuh lv qr zdjh jurzwk dqg wkdw wkh
lqlwldo dvvhw vwrfn lv }hur1 Iru dq| j/ wkhuhiruh/ wkh {hg ydoxh ri ohlvxuh lv
vhw htxdo wr  r j zklfk zrxog eh rswlpdo xqghu wkh jlyhq dvvxpswlrqv
li zdjhv zhuh fhuwdlq1: Wklv phdqv wkdw dq| glhuhqfh ehwzhhq wkh prghov
lq wkh ghjuhh ri frqvxpswlrq vprrwklqj dqg suhfdxwlrqdu| vdylqj lv gxh wr
wkh xvh ri oderxu vxsso| wr uhgxfh wkh hhfw ri xqfhuwdlqw|1
Lw lv zhoo nqrzq +h1j1 Ghdwrq/ 4<<5, wkdw zkhq oderxu vxsso| lv {hg/
lqfuhdvhv lq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq/ pohdg wr idvwhu frqvxps0
wlrq jurzwk= lqfuhdvhv lq p lqfuhdvh suxghqfh dqg vr lqglylgxdov fduh pruh
derxw xqfhuwdlqw|/ dqg zloo wkhuhiruh ghihu pruh frqvxpswlrq wr wkh ixwxuh
lq rughu wr dffxpxodwh suhfdxwlrqdu| edodqfhv/ dqg wklv ghfuhdvhv frqvxps0
wlrq vprrwklqj1 Zkhq oderxu vxsso| lv  h{leoh/ krzhyhu/ lqfuhdvhv lq wkh
frh!flhqw ri uhodwlyh ulvn dyhuvlrq p ohdg wr vorzhu frqvxpswlrq jurzwk li
p~ p 1L ip!~ p lqfuhdvhv lq p ohdg wr idvwhu frqvxpswlrq jurzwk1 Wkh ydoxh
~ p ydulhv zlwk j  zkhq j     ~ p zkhq j     ~ p  ;Wklv lv vkrzq
lq wdeoh 4/ zklfk vkrzv dyhudjh shu shulrg jurzwk udwhv ri frqvxpswlrq1
Dk l j k h uplqfuhdvhv suxghqfh/ exw wklv lv rvhw e| wkh lqfuhdvh lq vxe0
vwlwxwdelolw| ehwzhhq ohlvxuh dqg frqvxpswlrq zlwk d kljkhu p1Z k h qo h l v x u h
dqg frqvxpswlrq duh forvhu vxevwlwxwhv/ yduldwlrq lq wkh zdjh kdv ohvv ri dq
hhfw rq xwlolw|= wkh hhfw ri d orz zdjh fdq eh rvhw e| lqfuhdvlqj ohlvxuh
dqg orzhulqj frqvxpswlrq/ dqg wklv uhgxfhv wkh yduldwlrq lq xwlolw|1 Wklv
ohdgv wr lqfuhdvhg frqvxpswlrq vprrwklqj dv wkh ghjuhh ri vxevwlwxwdelolw|
lqfuhdvhv1 Dv p ehfrphv yhu| odujh/ krzhyhu/ wkh hhfw ri lqfuhdvhg suxghqfh
ghfuhdvlqj vprrwklqj frphv wr grplqdwh wkh lqfuhdvhg vxevwlwxwdelolw| ri
ohlvxuh dqg frqvxpswlrq1
:Rqh dowhuqdwlyh wr wklv lv wr dvvxph wkdw oderxu vxsso| lv {hg htxdo wr wkh dyhudjh
sdwk ri oderxu vxsso| xqghu xqfhuwdlqw|1 Wkhuh zrxog vwloo eh d glhuhqfh lq wkh wzr
prghov ehfdxvh wkh {hg oderxu vxsso| ohdyhv qr vfrsh wr ydu| oderxu lq uhvsrqvh wr d
jlyhq zdjh uhdolvdwlrq1
;Wkhvh duh dssur{lpdwlrqv wr 7 D edvhg rq wkh hylghqfh ri vlpxodwlrqv durxqg 7 D Vlpx0
odwlrqv vxjjhvw wkdw 7 D lv xqltxh/ exw wklv fdqqrw eh vkrzq dqdo|wlfdoo|1
4;Wdeoh 4= Dyhudjh Frqvxpswlrq Jurzwk/ Ydu|lqj p
Frh!flhqw ri Uhodwlyh Ulvn Dyhuvlrq/ p
Prgho 318 31:8 418 613 813 43 48 58
Ioh{leoh/ j     4157 31<: 3199 3186 3185 318: 3196 31:7
Il{hg/ j     31:: 31;3 31;: 413 4153 4193 41<6 517;
Ioh{leoh/ j     31<4 31;7 31;5 413 4154 4197 41<9 5177
Il{hg/ j     31:3 31:9 31<5 4159 4195 5166 51;: 6199
Wkh wdeoh jlyhv wkh dyhudjh shu shulrg frqvxpswlrq jurzwk xvlqj wkh dyhudjh
vlpxodwhg surohv1
Wdeoh 4 dovr vkrzv wkdw wkh hhfw ri lqfuhdvhv lq j rq frqvxpswlrq
vprrwklqj ghshqgv rq zkhwkhu p l vj u h d w h uw k d qr uo h v vw k d q4 1 Z k h q
p! lqfuhdvhv lq j ohdg wr idvwhu frqvxpswlrq jurzwk erwk zkhq oderxu
lv {hg dqg zkhq lw lv  h{leoh1 Zkhq p lqfuhdvhv lq j ohdg wr vorzhu
frqvxpswlrq jurzwk erwk zkhq oderxu lv {hg dqg zkhq lw lv  h{leoh1 Wkhuh
duh wzr hhfwv khuh= uvw/ d odujhu ydoxh ri j phdqv wkh xwlolw| ydoxh ri ohlvxuh
lv ohvv uhodwlyh wr frqvxpswlrq dqg khqfh lqwhuwhpsrudo vxevwlwxwlrq zloo eh
xqghuwdnhq pruh e| ohlvxuh dqg ohvv e| frqvxpswlrq/ ohdglqj wr vprrwkhu
frqvxpswlrq zkhq j lv kljk> vhfrqg/ d odujhu j phdqv wkh frvw ri wkh idoo
lq frqvxpswlrq gxh wr d orz zdjh lv qrw rvhw dv pxfk e| kljkhu ohlvxuh dv
zkhq ohlvxuh lv kljko| ydoxhg1 Wkh uvw/ lqwhuwhpsrudo vxevwlwxwlrq hhfw/
grplqdwhv zkhq p / exw wkh vhfrqg/ xqfhuwdlqw| hhfw/ grplqdwhv zkhq
p! Wklv glvfxvvlrq ohdgv wr wkh iroorzlqj uhvxow=
Uhvxow 5 Zkhq oderxu vxsso| lv  h{leoh/ frqvxpswlrq lv pruh vprrwk wkdq
zkhq oderxu lv {hg li p! exw lv ohvv vprrwk li p 
Li p! wkh qrq0vhsdudelolw| ri ohlvxuh dqg frqvxpswlrq lq wkh xwlolw|
ixqfwlrq phdqv wkdw zkhq wkh uhdolvhg zdjh udwh lv orz/ xwlolw| fdq eh lq0
fuhdvhg e| vxevwlwxwlqj ohlvxuh iru frqvxpswlrq1 Wklv delolw| wr xvh ohlvxuh
wr htxdolvh pdujlqdo xwlolw| dfurvv wlph phdqv wkdw wkh frqvxpswlrq sdwk lv
4<vprrwkhu zkhq oderxu vxsso| lv  h{leoh1 Wklv rffxuv hyhq iru yhu| odujh p
E| frqwudvw/ zkhq p frqvxpswlrq lv ohvv vprrwk zkhq oderxu vxsso| lv
 h{leoh/ ehfdxvh ohlvxuh dqg frqvxpswlrq duh frpsohphqwv/ dqg wklv phdqv
wkdw zkhq ohlvxuh lv orz frqvxpswlrq zloo dovr eh orz1
Wkhvh hhfwv dulvh rqo| zkhq zlwklq shulrg xwlolw| lv qrq0vhsdudeoh/ eh0
fdxvh dgglwlyh vhsdudelolw| lpsolhv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq
lv lqghshqghqw ri ohlvxuh dqg vr wkh Hxohu htxdwlrq +44, pxvw eh vdwlvhg
e| vdfulflqj frqvxpswlrq wrgd|1 Lqwxlwlyho|/ wkh lqfuhdvhg vprrwklqj zkhq
p!dulvhv ehfdxvh suhfdxwlrqdu| edodqfhv fdq eh surylghg sduwo| wkurxjk
lqfuhdvhg oderxu dqg vr uhgxflqj wkh dprxqw ri frqvxpswlrq wkdw kdv wr
eh vdfulfhg1 Ixuwkhu/ lq rog djh/ dffxpxodwhg zhdowk lv xvhg qrw mxvw wr
lqfuhdvh frqvxpswlrq/ exw dovr wr lqfuhdvh wkh dprxqw ri ohlvxuh wdnhq1
Wklv uhvxow rq frqvxpswlrq vprrwklqj udlvhv wkh txhvwlrq ri zkhwkhu suh0
fdxwlrqdu| vdylqj lv juhdwhu zkhq oderxu lv  h{leoh ru zkhq lw lv {hg1 Zkhq
wkh oderxu vxsso| lv  h{leoh/ lqglylgxdov fdq h{0srvw dgmxvw wkhlu oderxu vxs0
so| ghshqglqj rq wkh uhdolvhg zdjh1 Wklv uhgxfhv wkh zhoiduh orvv ri xqfhu0
wdlqw| lq wkh zdjh dqg phdqv wkdw kroglqj suhfdxwlrqdu| edodqfhv lv ohvv
ehqhfldo1 Krzhyhu/ h{0dqwh suhfdxwlrqdu| edodqfhv fdq eh dffxpxodwhg e|
vdfulflqj ohlvxuh dv zhoo dv e| vdfulflqj frqvxpswlrq1 Wklv phdqv wkdw
wkh xwlolw| frvw ri dffxpxodwlqj d jlyhq dprxqw ri suhfdxwlrqdu| edodqfhv
lv ohvv1 Lq rwkhu zrugv/ zkhq oderxu lv  h{leoh dq lqfuhdvhg dvvhw vwrfn
wrpruurz grhv qrw ghfuhdvh wkh pdujlqdo xwlolw| ri frqvxpswlrq wrpruurz
e| dv pxfk dv zkhq oderxu lv {hg> exw lqfuhdvlqj vdylqjv wrgd| grhv qrw
lqfuhdvh wkh pdujlqdo xwlolw| ri frqvxpswlrq wrgd| e| dv pxfk1 Wr htxdolvh
d jlyhq glhuhqfh ehwzhhq pdujlqdo xwlolw| wrgd| dqg h{shfwhg pdujlqdo
xwlolw| wrpruurz/ wklv phdqv wkdw vdylqjv kdyh wr eh juhdwhu zkhq oderxu lv
 h{leoh1
Wkh fruroodu| ri wkh glvfxvvlrq rq frqvxpswlrq vprrwklqj lv wkdw zkhq
oderxu lv {hg/ lqfuhdvhv lq p ohdg wr lqfuhdvhv lq dvvhw dffxpxodwlrq1 Ixu0
wkhu/ zkhq oderxu lv  h{leoh dqg p~ p /l q f u h d v h vl qpohdg wr ghfuhdvhv lq
dvvhw dffxpxodwlrq1 Dv ehiruh/ zkhq j     ~ p zkhq j     ~ p    <
<Zkhq frqvxpswlrq vprrwklqj lv dw d pd{lpxp/ suhfdxwlrqdu| vdylqj dsshduv wr eh
53Wkh uhyhuvdo ri wkh hhfw ri kljkhu p ehwzhhq wkh wzr fdvhv dulvhv ehfdxvh/
zkhq oderxu lv  h{leoh/ wkh kljkhu p lpsolhv ohlvxuh dqg frqvxpswlrq duh
forvhu vxevwlwxwhv dqg wklv ohvvhqv wkh qhjdwlyh lpsdfw ri xqfhuwdlqw|1 Zkhq
p!~ pwkh ehqhw ri lqfuhdvhg vxevwlwxwdelolw| lv grplqdwhg e| wkh lqfuhdvhg
suxghqfh fdxvhg e| dq lqfuhdvh lq p Wkhvh srlqwv duh looxvwudwhg lq jxuh
61 Wkh vfdohv rq wkh wzr judskv duh glhuhqw= wkh vfdoh ri wkh uvw judsk lv
wzlfh wkdw ri wkh vhfrqg ehfdxvh wkhuh lv d ohyho glhuhqfh ehwzhhq wkh slf0
wxuhv= dvvhw dffxpxodwlrq lv juhdwhu iru doo p vkrzq zkhq oderxu lv  h{leoh1
Zkhq j    dqg oderxu lv {hg/ wkh pd{lpxp dvvhw vwrfn qhyhu h{fhhgv
kdoi wkh phdq ri pd{lpxp hduqlqjv +l1h1 zkhq Z  ~ Zdqg O|   ,1 Zkhq
j    dqg oderxu lv  h{leoh/ wkh pd{lpxp dvvhw vwrfn ulvhv wr wzlfh wkh
phdq ri pd{lpxp hduqlqjv/ iru p     1
Dvvhw dffxpxodwlrq dovr ghshqgv rq wkh ydoxh ri j dqdorjrxv wr wkh gh0
shqghqfh ri frqvxpswlrq rq j=z k h q p dk l j k h ujp h d q vo h v vd v v h w
dffxpxodwlrq/ dqg zkhq p! dk l j k h ujphdqv lqfuhdvhg dvvhw dffxpx0
odwlrq1 Wklv krogv iru erwk wkh {hg dqg  h{leoh oderxu vxsso| fdvhv1 Wklv
ohdgv wr wkh iroorzlqj uhvxow=
Uhvxow 6 Suhfdxwlrqdu| vdylqj lv juhdwhu zkhq oderxu vxsso| lv  h{leoh li
pa p 1 Zkhq j     a p zkhq j     a p43
Wklv uhvxow lv wuxh hyhq zkhq frqvxpswlrq lv pruh vprrwk zlwk d  h{leoh
oderxu vxsso|1 Wkh uhdvrq lv wkdw oderxu vxsso| ri wkh |rxqj zloo eh juhdwhu
zkhq  h{leoh dqg wklv rvhwv wkh juhdwhu frqvxpswlrq vprrwklqj dqg wkh
qhw hhfw rq vdylqj fdq eh srvlwlyh1 Dv p ehfrphv yhu| odujh/ krzhyhu/
suhfdxwlrqdu| dffxpxodwlrq lqfuhdvhv idvwhu zlwk p zkhq oderxu lv {hg
wkdq wkh lqfuhdvh zkhq oderxu lv  h{leoh1 Wkxv suhfdxwlrqdu| vdylqj zloo eh
juhdwhu zlwk d {hg oderxu vxsso| rqo| li p lv vx!flhqwo| odujh1
Wkh srlqw ri dqdo|vlqj wkh h{whqw ri suhfdxwlrqdu| vdylqj lv wr vkrz
wkh h{whqw wr zklfk lqglylgxdov ghihu xwlolw| ehfdxvh ri xqfhuwdlqw|1 Wkh
dw lwv plqlpxp1
43Wkh ydoxhv  D duh glhuhqw iurp wkh 7 D hduolhu lq wkh wh{w1 Wkh ydoxhv ri  D duh ds0
sur{lpdwlrqv= zlwk dq h{rjhqrxv oderxu vxsso|/ vdylqjv duh dffxpxodwhg xqwlo odwhu lq wkh
olih0f|foh/ vr wkh h{whqw ri suhfdxwlrqdu| vdylqj lv kdug wr frpsduh1
54Iljxuh 6= Suhfdxwlrqdu| Vdylqj= Il{hg dqg Ioh{leoh Oderxu Vxs0
so|





























































Lqglylgxdov ehjlq dqg hqg wkhlu olyhv zlwk qr dvvhw kroglqjv1 Wkh judskv vkrz wkh udwlr ri
wkh hqg0ri0shulrg dvvhw vwrfn wr pd{lpxp hduqlqjv1 Wkh uvw judsk nhhsv oderxu vxsso|
{hg> wkh vhfrqg judsk doorzv oderxu vxsso| wr ydu|1 Ilyh ydoxhv ri D +fD/f.D/D/ dqg
f,d u hx v h g >#'f   dqg j 'f   1
55dffxpxodwlrq ri sk|vlfdo fdslwdo lv vx!flhqw wr vkrz wklv rqo| xqghu wkh
iroorzlqj dvvxpswlrqv= uvw/ wkh zdjh wrgd| lv lqghshqghqw ri sdvw hpsor|0
phqw vwdwxv/ uxolqj rxw uhwxuqv wr whqxuh dqg rq0wkh0mre ohduqlqj> vhfrqg/
wkhuh lv qr h{solflw kxpdq fdslwdo dffxpxodwlrq> dqg wklug/ wkhuh duh qr lq0
whuwhpsrudo qrqvhsdudelolwlhv lq xwlolw|1 Prghov dqdo|vlqj wkhvh wkuhh lvvxhv/
exw ljqrulqj vdylqjv/ duh glvfxvvhg lq Eoxqghoo dqg PdFxug| +4<<;,1
715 Zhoiduh Hhfwv
Wkh dlp ri wklv vhfwlrq lv wr fdofxodwh wkh h{shfwhg prqhwdu| frvw ri dfklhy0
lqj d jlyhq dprxqw ri h{shfwhg xwlolw| erwk zkhq oderxu lv {hg dqg  h{leoh
dqg iru glhuhqw xwlolw| ydoxdwlrqv ri ohlvxuh1 Wkh h{shfwhg frqvxpswlrq sur0
oh lv qrw vx!flhqw iru ghwhuplqlqj zhoiduh ehfdxvh ri wkh qrq0vhsdudelolw|
ri frqvxpswlrq dqg ohlvxuh1 Wkh zhoiduh frvw ri xqfhuwdlqw| lv fdofxodwhg
djdlqvw wkh ehqfkpdun ri d ghwhuplqlvwlf zdjh suroh1 Lw lv dvvxphg wkdw
wkhuh lv qr zdjh jurzwk vr wkh {hg dqg  h{leoh oderxu vxsso| prghov fr0
lqflgh zkhq zdjhv duh fhuwdlq144 Wkh glhuhqfh lq wkh h{shfwhg frvw ri
dfklhylqj d jlyhq dprxqw ri h{shfwhg xwlolw| pxvw wkhuhiruh eh gxh wr wkh
xvh ri ohlvxuh iru suhfdxwlrqdu| uhdvrqv dorqh1
Lq wkh fdofxodwlrqv ehorz/ iru d jlyhq yduldqfh dqg phdq ri wkh vkrfn wr
z d j h v /w k hv l } hr iw k hlqlwldo dvvhw vwrfn lv frpsxwhg vr wkdw h{shfwhg xwlolw|
lv htxdo wr ~ 8 Wklv jlyhv wkh h{shfwhg frvw qhhghg wr frpshqvdwh iru wkh
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Wklv h{shfwhg frvw fdq eh frpsduhg wr wkh frvw zkhq 2   Ixuwkhu/ wklv
h{shfwhg frvw fdq eh frpsduhg wr wkh frvw zkhq oderxu lv {hg145
44Wkh ydoxh ri wkh {hg dprxqw ri oderxu wkdw lv vxssolhg lv fohduo| yhu| lpsruwdqw lq
ghwhuplqlqj wkh vl}h ri wkh zhoiduh ehqhw ri d  h{leoh oderxu vxsso|1 Dq| fkrlfh zloo eh
duelwudu|/ dqg wkh fkrlfh lq wkh wh{w vxjjhvwv oderxu vxsso| lv vhw rswlpdoo| iru fhuwdlqw|/
ghvslwh wkh xqfhuwdlq vwdwh ri qdwxuh1 Wkh lpsruwdqw srlqw derxw wklv wkrxjk/ lv wkdw
oderxu vxsso| lv dvvxphg frqvwdqw wkurxjkrxw olih1
45Wkh dgydqwdjh ri vroylqj iru h{shfwhg frvw e| ydu|lqj ￿ lv wkdw wkh prgho rqo| kdv wr
eh vroyhg rqfh iru hdfk vhw ri sdudphwhu ydoxhv1 Rqfh wkh prgho kdv ehhq vroyhg/ wkh ydoxh
56Wdeoh 5= H{shfwhg Frvw ri dfklhylqj H{shfwhg Xwlolw|/ ~ 8
     Ioh{leoh 1r      Il{hg 1r
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Wkh ￿uvw froxpq jlyhv wkh ydoxh ri 7 L iru hdfk urz1 Xqghuqhdwk wkh ydoxh ri 7 L lv wkh ydoxh
ri wkh lqlwldo dvvhw vwrfn/ ￿￿/ qhhghg wr dfklhyh 7 L zkhq wkh zdjh lv fhuwdlq1 Wkh pdlq
qxpehuv lq wkh vhfrqg dqg wklug froxpqv duh wkh shufhqwdjh pdun0xsv ri wkh h{shfwhg frvw
ri dfklhylqj 7 L zkhq zdjhv duh xqfhuwdlq ryhu wkh frvw zkhq zdjhv duh fhuwdlq1 Wklv pdun0xs
lv irxqg e| ydu|lqj wkh lqlwldo dvvhw vwrfn/ dqg wkh ydoxhv ri ￿￿ qhfhvvdu| wr dfklhyh 7 L duh
jlyhq lq eudfnhwv1 Wkh vhfrqg froxpq vkrzv wkh pdun0xs zkhq ohlvxuh lv  h{leoh/ wkh wkulg
froxpq zkhq ohlvxuh lv ￿{hg dqg vhw wr wkh rswlpdo ydoxh iru ohlvxuh xqghu fhuwdlqw|1 Wkh
ydoxh ri D lv khog frqvwdqw dw D ’￿ ￿ D
57Lw lv fohdu wkdw wkh zhoiduh frvw ri xqfhuwdlqw| zloo eh orzhu zkhq oderxu
lv  h{leoh ehfdxvh lqglylgxdov kdyh dq dgglwlrqdo fkrlfh yduldeoh/ exw wdeoh 5
vkrzv wkh h{whqw ri wkh glhuhqfh iru glhuhqw ydoxhv ri j Zkhq j     wkh
frvw ri xqfhuwdlqw| grplqdwhv wkh lvvxh ri zkhwkhu ru qrw oderxu lv  h{leoh146
Krzhyhu/ zkhq j     wkh frvw ri xqfhuwdlqw| lv juhdwo| uhgxfhg e| pdnlqj
oderxu  h{leoh1 Lw lv/ krzhyhu/ gl!fxow wr frpsduh wkh prgho zlwk j    
zlwk wkh prgho j    ehfdxvh wkh xwlolw| ixqfwlrqv duh glhuhqw1 Wkh wdeoh
dovr vkrzv wkdw wkh hhfw ri xqfhuwdlqw| rq wkh h{shfwhg frvw ri dfklhylqj
~ 8 ghshqgv rq wkh ohyho ri ~ 8= xqfhuwdlqw| kdv d juhdwhu lpsdfw rq h{shfwhg
frvw zkhq olihwlph zhoiduh lv orzhu erwk iru j    dqg j     1
Wkh h{whqw ri wkh h{shfwhg frvw pdun0xs/ dqg wkh glhuhqfh ehwzhhq wkh
wzr prghov ghshqgv rq wkh ghjuhh ri shuvlvwhqfh lq wkh zdjh surfhvv1 Li
zdjhv iroorzhg dq LLG surfhvv lqvwhdg ri wkh udqgrp zdon lq orjv/ wkhq wkh
xqfhuwdlqw| ryhu wkh zdjh udwh zrxog kdyh d yhu| vpdoo frvw dv wkh vkrfn lq
dq| rqh shulrg zrxog kdyh olwwoh lpsdfw rq olihwlph zhdowk1
8 Lqvxudqfh iurp Sduwqhu Lqfrph
Wklv vhfwlrq lqwurgxfhv wkh h{rjhqrxv/ vwrfkdvwlf lqfrph vwuhdp/ [| lqwr
wkh lqwhuwhpsrudo exgjhw frqvwudlqw +5,1 Wklv fdq eh lqwhusuhwhg dv lqwur0
gxflqj sduwqhu lqfrph/ zkhuh wkh sduwqhu kdv qr  h{lelolw| ryhu krxuv ri
zrun1 Krxvhkrogv wkhuhiruh fkrrvh krxvhkrog frqvxpswlrq dqg vhfrqgdu|
hduqhu oderxu vxsso|147 Wkh dlp ri wklv lv wr h{dplqh wkh hhfw ri wkh lq0













lv frpsxwhg e| fdofxodwlqj wkh dyhudjh xwlolw| ri d odujh qxpehu ri
vlpxodwhg olih0f|fohv/ zkhuh wkh vlpxodwlrqv xvh wkh hduolhu vroxwlrq1
46Wr mxgjh wkh lpsruwdqfh ri wkh uhgxfhg frvw dvvrfldwhg zlwk d  h{leoh oderxu vxsso|/
lw zrxog eh qhfhvvdu| wr fdofxodwh wkh uhgxfwlrq lq j iru wkh {hg oderxu vxsso| fdvh wkdw
zrxog jlyh d vlplodu pdun0xs1
47Wkh sxusrvh ri wklv dqdo|vlv lv qhlwkhu wr prgho krxvhkrog vkdulqj qru wr hqwhu wkh
ghedwh derxw krxvhkrog htxlydohqfh vfdohv1 Wkhvh lvvxhv duh fohduo| lpsruwdqw/ exw wkh dv0
vxpswlrqv wkdw L dgrsw khuh duh vhohfwhg sulpdulo| wr hqdeoh fohdu frpsdulvrqv ehwzhhq wkh
krxvhkrog +%| : f, dqg lqglylgxdo prghov +%| 'f ,1 Wkh ydoxh ri krxvhkrog frqvxpswlrq
wr krxvhkrog xwlolw| lv wkh vdph dv wkh ydoxh ri lqglylgxdo frqvxpswlrq wr lqglylgxdo xwlo0
lw|> dqg vlploduo|/ wkh ydoxh ri vhfrqgdu| hduqhu ohlvxuh wr krxvhkrog xwlolw| lv lghqwlfdo wr
58vxudqfh lqwurgxfhg e| kdylqj wzr vrxufhv ri lqfrph dqg wr vkrz wkh h{whqw
wr zklfk lqglylgxdov xvh wkhlu rzq oderxu vxsso| wr lqvxuh djdlqvw vkrfnv wr
wkh lqfrph ri wkhlu sduwqhu1
Wkh Hxohu htxdwlrq dqg vroxwlrq iru ohlvxuh jhqhudwhg e| wkh rswlplvdwlrq
sureohp zkhq [| !  duh wkh vdph dv htxdwlrqv +44, dqg +45,/ exw wkh
vroxwlrq iru wkh frqvxpswlrq ixqfwlrq fkdqjhv ehfdxvh ri wkh fkdqjh lq
wkh exgjhw frqvwudlqw1 Vlpxodwlrqv duh vkrzq ydu|lqj  wkh fruuhodwlrq
frh!flhqw ehwzhhq wkh vkrfn wr zdjhv dqg wkh vkrfn wr sduwqhu lqfrph dqg
ydu|lqj p wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1
Wkh nh| dvvxpswlrq lv wkdw frpsdulvrqv duh pdgh kroglqj h{shfwhg olih0
wlph zhdowk frqvwdqw1 Lqfuhdvhv lq olihwlph zhdowk zrxog uhgxfh wkh frvw ri
xqfhuwdlqw| zkhq xwlolw| lv lvrhodvwlf vlpso| ehfdxvh suxghqfh ghshqgv rq
wkh ohyho ri zhdowk1 Li olihwlph zhdowk zhuh glhuhqw ehwzhhq wkh krxvhkrog
dqg lqglylgxdo prghov/ lw zrxog qrw eh srvvleoh wr vhsdudwh rxw wkh hhfw rq
suhfdxwlrqdu| vdylqj ri wklv glhuhqfh lq zhdowk iurp wkh hhfw rq suhfdx0
wlrqdu| vdylqj ri kdylqj wzr vrxufhv ri lqfrph1 Lw lv dovr dvvxphg wkdw wkhuh
lv qr ghwhuplqlvwlf jurzwk lq zdjhv ru lq sduwqhu lqfrph dqg wkdw wkh xq0
frqglwlrqdo h{shfwhg ydoxh ri wkh zdjh htxdov wkh xqfrqglwlrqdo h{shfwdwlrq
ri sduwqhu lqfrph Wkh vxshuvfulsw R rq Z| lqglfdwhv wklv lv wkh zdjh ri wkh
vhfrqgdu| hduqhu lq wkh krxvhkrog prgho1 Dyhudjh lqfrph lq wkh lqglylgxdo
prgho/ ~ ZU
| lv htxdo wr dyhudjh lqfrph lq wkh krxvhkrog prgho/ ~ ZU
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Zkhq $f   ohlvxuh lq wkh lqglylgxdo prgho lv kdoi wkh ydoxh ri vhfrqgdu|
hduqhu ohlvxuh lq wkh krxvhkrog prgho +uhvshfwlyho|/  r j dqg rj,1
Wklv lv vlpso| d sulfh hhfw gxh wr wkh orzhu zdjh qhfhvvdu| wr nhhs olih0
wlph zhdowk frqvwdqw> dowhuqdwlyho|/ wklv fdq eh h{sodlqhg e| wkh lqfuhdvhg
wkh ydoxh ri lqglylgxdo ohlvxuh wr lqglylgxdo xwlolw|1 Wklv lpsolflwo| dvvxphv wkdw wkhuh duh
qr hfrqrplhv ri vfdoh lq krxvhkrog xwlolw|/ exw wkhvh dvvxpswlrqv pdnh wkh lqwhusuhwdwlrq
ri uhvxowv pxfk fohduhu1
59sursruwlrq ri xqhduqhg lqfrph ohdglqj wr lqfuhdvhg ohlvxuh1 Frqvxpswlrq
ghshqgv rqo| rq wkh vxp ri [| dqg Z
R
| dqg vr lv lghqwlfdo lq wkh wzr prghov148
Dvvhw Dffxpxodwlrq1 Xqfhuwdlqw| ryhu sulpdu| dqg vhfrqgdu| hduqhu
zdjhv phdqv wkdw lqglylgxdov ghihu xwlolw| wkurxjk uhgxflqj frqvxpswlrq
dqg ohlvxuh wrgd| dqg dffxpxodwlqj suhfdxwlrqdu| edodqfhv1 Wkh judskv lq
jxuh 7 vkrz wkh h{whqw ri wklv dvvhw dffxpxodwlrq iru ydulrxv vfhqdulrv1
Suhfdxwlrqdu| edodqfhv ulvh wr dw ohdvw rqh dqg d kdoi wlphv phdq lqfrph1
Wklv ohyho ri dffxpxodwlrq sduwo| uh hfwv wkh vl}h ri wkh yduldqfh/ exw lw dovr
uh hfwv wkh ydoxh ri j +vhw wr 31:,1 Dv vkrzq lq vhfwlrq 7/ d vpdoohu ydoxh
ri j phdqv wkh ohyho ri suhfdxwlrqdu| edodqfhv lv orzhu ehfdxvh wkh frvw
ri yduldwlrq lq wkh zdjh lv ohvv/ jlyhq p     Wkh uvw judsk vkrzv wkdw
dvvhw dffxpxodwlrq zloo eh juhdwhu wkh odujhu  wkh frh!flhqw ri fruuhodwlrq
ehwzhhq sduwqhu lqfrph dqg zdjhv1 Ixuwkhu/ li  lv vx!flhqwo| qhjdwlyh/
suhfdxwlrqdu| vdylqj lv orzhu zlwk xqfhuwdlqw| ryhu sduwqhu lqfrph wkdq
zlwk fhuwdlqw| ryhu sduwqhu lqfrph1
Wkh vhfrqg judsk vkrzv wkh hhfw ri lqfuhdvlqj p Lq frqwudvw wr wkh
glvfxvvlrq lq vhfwlrq 7/ suhfdxwlrqdu| vdylqj lqfuhdvhv zlwk p Dq lqfuhdvh
lq p kdv wzr hhfwv lq erwk wkh lqglylgxdo dqg krxvhkrog prghov= uvw/ lw
lqfuhdvhv wkh ghvluhg ghjuhh ri vprrwklqj lq xwlolw| dqg wklv kdv wkh hhfw ri
pdnlqj frqvxpswlrq dqg ohlvxuh zlwklq hdfk shulrg forvhu vxevwlwxwhv> dqg
vhfrqg/ lw lqfuhdvhv suxghqfh1 Zkhq rqo| kdoi ri lqfrph lv gxh wr zdjhv/ wkh
ehqhw ri wklv lqfuhdvhg vxevwlwxwlrq lv ohvv/ dqg wkh hhfw lv grplqdwhg e|
wkh lqfuhdvhg suxghqfh dvvrfldwhg zlwk wkh lqfuhdvh lq p Wkh vhfrqg judsk
dovr vkrzv wkdw dvvhw dffxpxodwlrq lq wkh krxvhkrog prgho lv juhdwhu wkdq
dvvhw dffxpxodwlrq lq wkh lqglylgxdo prgho/ xqohvv  lv vx!flhqwo| qhjdwlyh1
Wklv lv vkrzq iru p    1L wd o v r k r o g vi r up   dqg wkh glhuhqfh lq
dvvhw dffxpxodwlrq lv hyhq juhdwhu wkdq zkhq p    1 Wklv uhvxow krogv
48Lq wkh vlpxodwlrqv wkdw iroorz/ wkh yduldqfh ri wkh zdjh/ j
2 lv dvvxphg wr htxdo wkh
yduldqfh ri sduwqhu lqfrph/ j
2
l c dqg erwk duh frqvwdqw dfurvv wlph1 Erwk wkh vkrfn wr
zdjhv dqg wkh vkrfn wr sduwqhu lqfrph duh pxowlsolfdwlyh/ dqg wkh vwdqgdug ghyldwlrq lv
vhw htxdo wr f1 Wkh yduldqfh ri vhfrqgdu| hduqhu zdjhv lv wkh vdph zkhwkhu sduwqhu
lqfrph lv lqfoxghg ru h{foxghg/ wklv phdqv wkdw wkh yduldqfh ri wrwdo lqfrph +|n%|, zloo
g l  h ud f f r u g l q jw rw k hy d o x hr i4dqg dffruglqj wr zkhwkhu sduwqhu lqfrph lv lqfoxghg1
5:Iljxuh 7= Krxvhkrog Dvvhw Dffxpxodwlrq
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Wkh |0d{lv ri erwk judskv vkrzv wkh udwlr ri wkh hqg0ri0shulrg dvvhw vwrfn wr wkh phdq
dfurvv krxvhkrogv ri pd{lpxp hduqlqjv +7 
R
| n7 % |,1 Wkh uvw judsk vkrzv wkh dvvhw vwrfn
ydu|lqj 4/ kroglqj D '  D 1 Irxu ydoxhv ri 4 +3fH/3f/ ff dqg f, duh xvhg1 Wkh olqh od0
ehoohg jl 'f  f  vkrzv wkh fdvh zkhq sulpdu| hduqhu lqfrph lv fhuwdlq/ exw wkh vhfrqgdu|
hduqhu*v zdjh lv xqfhuwdlq1 Wkh vhfrqg judsk vkrzv krxvhkrog dvvhw dffxpxodwlrq iru wzr





|n7 % |1 Wkh olqh iru wkh lqglylgxdo prgho zkhq D '  Dlv pdujlqdoo| ehorz
w k ho l q hi r uD'f  .D1 Lq erwk judskv/ jl @ j 'f  dqg # 'f  . 1 Li erwk sulpdu| dqg
vhfrqgdu| hduqhu zdjhv duh fhuwdlq/ | 'f c | 1
5;hyhqwkrxjk wkh yduldqfh ri wrwdo lqfrph zkhq sduwqhu lqfrph lv lqfoxghg
lv ohvv wkdq wkh yduldqfh ri wrwdo lqfrph zlwkrxw sduwqhu lqfrph1 Lqfuhdvhg
edodqfhv wrpruurz kdyh ohvv ri d ehqhw zkhq sduwqhu lqfrph lv lqfoxghg
ehfdxvh kdylqj wzr udqgrp yduldeohv rhuv vrph lqvxudqfh1 Krzhyhu/ wklv
uhgxfhg ehqhw ri edodqfhv lq wkh ixwxuh lv rvhw e| wkh uhgxfhg vfrsh wr
uhdfw wr vkrfnv lq wkh ixwxuh ehfdxvh rqo| wkh oderxu vxsso| ri wkh vhfrqgdu|
hduqhu fdq eh ydulhg1 Zkhq wkh odwwhu hhfw grplqdwhv/ suhfdxwlrqdu| vdylqj
zloo eh juhdwhu zkhq sduwqhu lqfrph lv lqfoxghg1 Zkhq    r wkh lq0
vxudqfh iurp kdylqj wkh wzr udqgrp yduldeohv rxwzhljkv wkh uhgxfhg vfrsh
wr uhdfw wr vkrfnv/ dqg vr suhfdxwlrqdu| vdylqj lv juhdwhu lq wkh lqglylgxdo
prgho zlwkrxw sduwqhu lqfrph1 Frqvxpswlrq vprrwklqj uhdfwv dqdorjrxvo|=
kljkhu ydoxhv ri  phdq ohvv vprrwklqj dqg/ ixuwkhu/ wkhuh lv ohvv frqvxps0
wlrq vprrwklqj wkdq lq wkh lqglylgxdo prgho xqohvv  lv vx!flhqwo| qhjdwlyh1
Sduwlflsdwlrq dqg Oderxu Vxsso|1 Iljxuh 8 vkrzv olih0f|foh surohv
ri ohlvxuh iru wkh krxvhkrog dqg lqglylgxdo prghov1 Lq erwk fdvhv/ ohlvxuh
lv orzhu zkhq |rxqj wkdq zkhq rog ehfdxvh xqfhuwdlqw| lqgxfhv lqglylgx0
dov wr ghihu xwlolw|1 Wkh sdwk ri ohlvxuh lv  dwwhu/ dqg pruh frqfdyh/ wkh
orzhu 1 Wkh  dwwhu sdwk dulvhv ehfdxvh d orzhu  phdqv xqfhuwdlqw| fdxvhv
ohvv yduldwlrq lq lqfrph dqg vr/ dv vkrzq deryh/ wkhuh lv ohvv qhhg iru suh0
fdxwlrqdu| edodqfhv dqg wklv phdqv ohvv ohlvxuh kdv wr eh vdfulfhg zkhq
|rxqj1 Wkh frqfdylw| dulvhv ehfdxvh wkh sduwlflsdwlrq frqvwudlqw lv ehlqj
klw1 Wklv phdqv ohlvxuh fdqqrw ulvh e| dv pxfk lq rog djh dv zrxog eh wkh fdvh
li xqfrqvwudlqhg1 Zkhq  lv qhjdwlyh/ wkhuh lv juhdwhu yduldqfh lq ohlvxuh/
d kljkhu fkdqfh ri qrw sduwlflsdwlqj dqg khqfh d pruh frqfdyh sdwk iru
ohlvxuh1 D srvlwlyh vkrfn wr sduwqhu lqfrph phdqv lqfrph lv juhdwhu dqg
wklv lqfuhdvhv ohlvxuh1 Vlploduo|/ d qhjdwlyh vkrfn wr zdjhv whqgv wr lqfuhdvh
ohlvxuh e| uhgxflqj wkh sulfh ri ohlvxuh1 Wkxv/ zkhq zdjhv dqg sduwqhu lq0
frph duh qhjdwlyho| fruuhodwhg/ dqg vr kljk sduwqhu lqfrph zloo frlqflgh
zlwk d orz vhfrqgdu| hduqhu zdjh/ wkh yduldqfh lq vhfrqgdu| hduqhu ohlvxuh
zloo eh juhdwhu1 Wklv fdq eh vhhq lq wkh [| Z| whup lq htxdwlrq +4:,1 Zkhq
   r iru h{dpsoh/ lqglylgxdov zloo hlwkhu zrun d odujh qxpehu ri krxuv
5<ru yhu| ihz krxuv/ zkhuhdv zkhq      wkh yduldqfh ri ohlvxuh lv ohvv1 Wklv
lv uh hfwhg lq jxuh 9 zklfk vkrzv wkdw qrq0sduwlflsdwlrq lqfuhdvhv zlwk djh
dqg wkh sursruwlrq ri qrq0sduwlflsdqwv lv juhdwhu zkhq  lv vpdoohu1 Wklv
glvfxvvlrq ohdgv wr wkh frqfoxvlrq=
Uhvxow 7 Lqvxudqfh wkurxjk vhfrqgdu| hduqhu oderxu vxsso| ehfrphv lq0
fuhdvlqjo| hhfwlyh dv  ehfrphv lqfuhdvlqjo| qhjdwlyh1 Wklv lpsolhv
orzhu suhfdxwlrqdu| vdylqj/ d juhdwhu yduldqfh lq krxuv ri ohlvxuh dqg
dq lqfuhdvhg sursruwlrq ri vhfrqgdu| hduqhuv qrw sduwlflsdwlqj1
9 Xqhpsor|phqw Lqvxudqfh
Wklv vhfwlrq lqwurgxfhv xqhpsor|phqw ehqhw/ % lqwr wkh prgho/ exw ohdyhv
rxw wkh h{rjhqrxv lqfrph vwuhdp/ [|1 Wkh dlp ri wklv lv wr dgguhvv wkh
txhvwlrqv uvwo|/ ri krz xqhpsor|phqw ehqhw dhfwv sduwlflsdwlrq dfurvv
wkh olih0f|foh dqg vhfrqgo|/ ri zkhwkhu xqhpsor|phqw ehqhw ghfuhdvhv dvvhw
dffxpxodwlrq1 Wkh vhfwlrq ehjlqv e| h{sodlqlqj wkh Ehoopdq htxdwlrq iru
wkh lqglylgxdo sureohp dqg vkrzlqj krz wkh uhvhuydwlrq zdjh fkdqjhv zlwk
djh1 Olih0f|foh surohv ri sduwlflsdwlrq dqg dvvhw dffxpxodwlrq duh wkhq
vkrzq1
Rqh sureohp zlwk fduu|lqj rxw vlpxodwlrqv iru glhuhqw ehqhw ohyhov lq
wklv sduwldo htxloleulxp iudphzrun lv wkdw wrwdo vshqglqj rq wkh ehqhw pd|
glhu iurp wrwdo uhyhqxh1 Zlwkrxw fkdqjlqj wkh wd{ udwh wr uh hfw wkh fkdqjh
lq ehqhwv/ lw lv srvvleoh wr vkrz vsxulrxv hhfwv rq suhfdxwlrqdu| vdylqj
dqg rq sduwlflsdwlrq= dq xqfrpshqvdwhg lqfuhdvh lq ehqhwv zloo uhgxfh
erwk suhfdxwlrqdu| vdylqj dqg sduwlflsdwlrq ehfdxvh lqfrph lv kljkhu dqg
wkh ghjuhh ri suxghqfh ghfuhdvhv zlwk lqfrph1 Li wkh fkdqjh lq ehqhwv lv
xqfrpshqvdwhg lw lv qrw srvvleoh wr vhsdudwh wklv hhfw iurp wkh hhfw rq wkh
yduldqfh ri lqfrph1 Wkhuhiruh/ wkh prgho dvvxphv wkdw wkh ehqhw lv sdlg
iru e| d zdjh wd{ dqg wkdw wkh qhw suhvhqw ydoxh ri uhyhqxh udlvhg e| wkh wd{
dfurvv 83333 lqglylgxdov edodqfhv wrwdo sd|phqwv wr wkrvh vdph lqglylgxdov
dfurvv wkhlu olihwlphv1 Wkh prgho lv vwloo rqo| d sduwldo htxloleulxp vwru|/
krzhyhu/ ehfdxvh wkh suh0wd{ zdjh udwh dqg lqwhuhvw udwh duh h{rjhqrxv/ dqg
63Iljxuh 8= Lqglylgxdo dqg Krxvhkrog Ohlvxuh Vprrwklqj



















Wkh olqh odehoohg Lqg vkrzv ohlvxuh lq wkh lqglylgxdo prgho1 Wkh uhpdlqlqj olqhv vkrz
vhfrqgdu| hduqhu ohlvxuh lq wkh krxvhkrog prgho iru glhuhqw ydoxhv ri wkh fruuhodwlrq
frh!flhqw/ 41 Wkh odfn ri vprrwkqhvv lq wkh 4 ' 3fH olqh dulvhv sduwo| ehfdxvh ri wkh
kljk yduldqfh lq ohlvxuh lq wkh vlpxodwlrqv1 Lq doo fdvhv/ jl @ j 'f   /#'f  .dqg D '  D 1
Zkhq jl @313/ wkh sdwk iru ohlvxuh olhv ehwzhhq 4 ' 3fH dqg 4 ' 3f1
Iljxuh 9= Qrq0Sduwlflsdwlrq dfurvv wkh Olih0F|foh





























Wkh |0d{lv vkrzv wkh shufhqwdjh ri lqglylgxdov zkr fkrrvh qrw wr sduwlflsdwh lq hdfk
shulrg1 Lq wkh lqglylgxdo prgho/ wkhuh lv ixoo sduwlflsdwlrq lq doo shulrgv1 Wkh olqhv vkrz
wkh h{whqw ri qrq0sduwlflsdwlrq iru glhuhqw ydoxhv ri wkh fruuhodwlrq frh!flhqw/ 41 Lq doo
fdvhv/ jl @ j 'f   /#'f  .dqg D '  D 1V l q f h # 'f  . / ohlvxuh zkhq erwk zdjhv dqg
sduwqhu lqfrph duh fhuwdlq htxdov 319 dqg vr hyhu|rqh sduwlflsdwhv lq doo shulrgv1
64lq sduwlfxodu wkh zdjh lv lqghshqghqw ri oderxu vxsso| dqg wkh lqwhuhvw udwh
lv lqghshqghqw ri wkh dvvhw vwrfn1 Wkh uhyhqxh qhxwudolw| ri dq| fkdqjh
lq ehqhwv lv wkhuhiruh rqo| dq dssur{lpdwlrq/ exw lw phdqv wkdw fkdqjhv
lq ehkdylrxu iroorzlqj fkdqjhv lq wkh ohyho ri ehqhwv duh qrw gxh wr dq
duelwudu| fkdqjh lq lqfrph1 Wdeoh 6 vkrzv wkh ydoxhv ri q wkdw duh qhhghg wr
edodqfh wkh exgjhw iru glhuhqw ydoxhv ri % Xqvxusulvlqjo|/ pruh jhqhurxv
ehqhwv uhtxluh kljkhu wd{hv1 Ixuwkhu/ d juhdwhu ydoxh ri  phdqlqj vkrfnv
wr zdjhv duh pruh shuvlvwhqw/ phdqv d kljkhu wd{ udwh lv uhtxluhg iru dq|
jlyhq ehqhw ohyho1
Wdeoh 6= Wd{ Udwhv wr Sd| iru Vrfldo Vhfxulw|
Dxwruhjuhvvlrq Frh!flhqw 
￿
7 ￿ 313 31: 31; 31<8
315 31365 3156 3175 31;4
3155 3155 31:: 4134 418<
3157 317< 4177 513: 6156
3159 5134 713; 8154 91:5
315: 5163 817; :15: 441:3
Wkh wdeoh jlyhv wkh shufhqwdjh wd{ udwh rq zdjhv qhfhvvdu| wr htxdwh uhyhqxh
zlwk wkh frvw ri wkh jlyhq ehqhw1 Wkh ydoxh ri wkh ehqhw lv jlyhq dv wkh
udwlr ri wkh ehqhw wr wkh phdq ydoxh ri pd{lpxp hduqlqjv lq rqh shulrg
+l1h1 hduqlqjv li ,| 'fdqg | '7  ,1 Zkhq
￿
7 ￿ : f2b iru 4 'f  fdqg
￿
7 ￿ D f2H iru 4 'f  . cf  Hdqg fbD/ lw lv qrw srvvleoh wr edodqfh wkh exgjhw1 1
Wkh srvlwlyh ydoxh ri % pdnhv wkh exgjhw frqvwudlqw +5, glvfrqwlqxrxv
dw 3 krxuv ri zrun1 Wklv phdqv wkdw wkh ydoxh ixqfwlrq zloo eh nlqnhg dqg
wkh srolf| ixqfwlrq glvfrqwlqxrxv dw wkh srlqw zkhuh wkh lqglylgxdo fkrrvhv
wr sduwlflsdwh lq wkh oderxu irufh1 Wkh ydoxh ri zrunlqj fdq eh zulwwhq dv
9 .
| $|Z | P D [
S |c,|
IXF|O |z(|>9|n￿ $|n￿Z |n￿@J +4<,
zkhuh $|n￿    U>$ | rO |rqZ |rF |@ Vlploduo|/ wkh ydoxh ri
qrw zrunlqj fdq eh zulwwhq dv
9 ￿
| $|Z |  PD[
S|
IXF|  z(|>9|n￿$|n￿Z |n￿@J +53,
65zkhuh $|n￿    U>$ |% |rF |@Zkhuh 9 .
| $|Z |  9￿
|  $ |Z |wkh
lqglylgxdo lv lqglhuhqw ehwzhhq zrunlqj dqg qrw zrunlqj1
Sursrvlwlrq 4 Iru dq| jlyhq zdjh udwh/ Z| wkhuh lv d xqltxh ohyho ri wkh
dvvhw vwrfn/ $
-c￿
















Lq rwkhu zrugv/ wkh uhvhuydwlrq dvvhw vwrfn/ $
-c￿
|  lv wkh ohyho ri wkh dvvhw
vwrfn zkhuh wkh lqglylgxdo lv lqglhuhqw ehwzhhq zrunlqj dqg qrw zrunlqj
jlyhq wkh zdjh/ Z1L i$ |!$
-c￿
|  wkhq wkh lqglylgxdo zloo qrw sduwlflsdwh1 Li
$| $
-c￿
|  wkhq wkh lqglylgxdo zloo sduwlflsdwh1
Surri= Vhh Dsshqgl{1
Lw lv wkhuhiruh srvvleoh wr zulwh wkh Ehoopdq htxdwlrq frqglwlrqdo rq
oderxu pdunhw vwdwxv iru hdfk W dv
9 ￿



















































Wkhvh ydoxh ixqfwlrqv fdq eh vroyhg uhfxuvlyho| dv ghvfulehg lq wkh dsshqgl{1




Iljxuh : vkrzv krz $
-c￿
| ydulhv zlwk W iru glhuhqw ydoxhv ri Z iru d
sduwlfxodu vhw ri sdudphwhuv149 D orzhu uhvhuydwlrq dvvhw vwrfn phdqv sdu0
wlflsdwlrq lv ohvv olnho|1 Iljxuh : pdnhv wzr srlqwv= uvw/ zkhq wkh zdjh
49Wkh uhvxowv dovr krog iru glhuhqw ehqhw ohyhov/ dqg iru ydoxhv ri wkh dxrwuhjuhvvlrq
frh!flhqw  Mt f  f cf  . cf  H cf  bD
66Iljxuh := Uhvhuydwlrq Dvvhw Ohyhov dfurvv wkh Olih0f|foh
















































Wkh |0d{lv vkrzv wkh udwlr ri wkh uhvhuydwlrq dvvhw vwrfn wr wkh phdq ri pd{lpxp hduqlqjv
lq dq| rqh shulrg +l1h1 7 ,1 Vlploduo|/ wkh ydoxhv ri z jlyhq duh glylghg e| 7 1Z k h qw k h
dvvhw vwrfn lv juhdwhu wkdq wkh uhvhuydwlrq dvvhw vwrfn iru dq| jlyhq zdjh udwh lq dq|
sduwlfxodu shulrg/ wkh lqglylgxdo zloo fkrrvh qrw wr sduwlflsdwh1 ￿
7 ￿ 'f  2./  'f  . /
j 'f   /#'f  .dqg D '  D 1
67udwh lv deryh wkh phdq zdjh/ ~ Z wkh uhvhuydwlrq dvvhw vwrfn idoov zlwk djh
pdnlqj sduwlflsdwlrq ohvv olnho| dqg vhfrqg/ zkhq wkh zdjh udwh lv ehorz wkh
phdq zdjh/ ~ Z wkh uhvhuydwlrq dvvhw vwrfn ulvhv zlwk djh pdnlqj sduwlflsd0
wlrq pruh olnho|1 Lq rwkhu zrugv/ li $| !  wkh uhvhuydwlrq zdjh lv lqfuhdvlqj
zlwk djh/ zkhuhdv li $|   wkh uhvhuydwlrq zdjh lv ghfuhdvlqj zlwk djh1
Wkhvh srlqwv dulvh ehfdxvh d jlyhq zdjh uhdolvdwlrq lq d sduwlfxodu sh0
ulrg kdv wzr hhfwv= uvw/ lw ohdgv wr lqwhuwhpsrudo vxevwlwxwlrq ri oderxu/
zlwk d kljk zdjh ohdglqj wr lqfuhdvhg oderxu vxsso| qrz lq wkh h{shfwdwlrq
ri d orz zdjh lq wkh ixwxuh zkhq oderxu vxsso| zloo eh ohvv1 Wkh h{whqw ri
lqwhuwhpsrudo vxevwlwxwlrq ghshqgv rq wkh qxpehu ri shulrgv uhpdlqlqj dqg
wkh ghjuhh ri shuvlvwhqfh lq vkrfnv= wkh ihzhu wkh qxpehu ri shulrgv uhpdlq0
lqj/ wkh orzhu wkh suredelolw| ri d uhyhuvdo lq wkh zdjh udwh/ dqg wklv uhgxfhv
wkh lqwhqghg lqwhuwhpsrudo vxevwlwxwlrq> ixuwkhu/ wkh juhdwhu wkh shuvlvwhqfh
lq vkrfnv wr wkh zdjh/ wkh orzhu wkh suredelolw| ri d uhyhuvdo lq wkh zdjh
udwh dqg wklv djdlq uhgxfhv wkh lqwhqghg lqwhuwhpsrudo vxevwlwxwlrq1 Wkh
vhfrqg hhfw lv wkh hhfw ri d jlyhq zdjh uhdolvdwlrq rq olihwlph zhdowk= d
kljk zdjh lqfuhdvhv olihwlph zhdowk dqg wklv uhgxfhv oderxu vxsso| lq doo sh0
ulrgv1 Wkh h{whqw ri wkh hhfw ri d jlyhq zdjh uhdolvdwlrq rq olihwlph zhdowk
dovr ghshqgv rq wkh qxpehu ri uhpdlqlqj shulrgv dqg wkh ghjuhh ri shuvlv0
whqfh= wkh juhdwhu wkh qxpehu ri shulrgv uhpdlqlqj/ wkh ohvv wkh hhfw rq
olihwlph zhdowk ri d jlyhq zdjh uhdolvdwlrq> zkhuhdv wkh juhdwhu wkh ghjuhh
ri shuvlvwhqfh lq zdjhv/ wkh juhdwhu wkh hhfw rq olihwlph zhdowk1
Wkhvh hhfwv h{sodlq jxuh := zkhq lqglylgxdov duh |rxqj/ wkh lqwhuwhp0
srudo vxevwlwxwlrq hhfw grplqdwhv ehfdxvh wkh hhfw ri wkh zdjh rq olihwlph
zhdowk lv vpdoo1 Wkxv/ zkhq wkh zdjh lv deryh wkh phdq/ lqglylgxdov zloo
h{sorlw wklv lqwhuwhpsrudo vxevwlwxwlrq dqg sduwlflsdwh/ xqohvv wkhlu dvvhw
vwrfn lv yhu| kljk/ zlwk wkh lqwhqwlrq ri qrw sduwlflsdwlqj dw vrph odwhu djh1
Vlploduo|/ xqohvv wkh| duh khdylo| lq ghew/ lqglylgxdov zloo qrw sduwlflsdwh
zkhq wkh zdjh lv ehorz wkh phdq/ exw zlwk wkh lqwhqwlrq ri sduwlflsdwlqj lq
wkh ixwxuh zkhq wkh zdjh lv kljkhu1 Dv wkh lqglylgxdov ehfrph roghu/ krz0
hyhu/ wkh srvvlelolwlhv iru lqwhuwhpsrudo vxevwlwxwlrq ri oderxu duh ohvv dqg
wkh zhdowk hhfw frphv wr grplqdwh1 Wklv phdqv wkdw li wkh zdjh lv deryh
68wkh phdq/ lqglylgxdov duh ohvv olnho| wr sduwlflsdwh lq dq| ri wkh uhpdlqlqj
shulrgv/ zkhuhdv li wkh zdjh lv ehorz wkh phdq/ lqglylgxdov duh pruh olnho|
wr sduwlflsdwh lq doo wkh uhpdlqlqj shulrgv1
Wklv udlvhv wzr ixuwkhu txhvwlrqv= uvw/ zkdw kdsshqv wr wkh uhvhuydwlrq
dvvhw vwrfn dv wkh jhqhurvlw| ri ehqhwv fkdqjhvB Lqfuhdvlqj wkh jhqhurvlw|
ri ehqhwv kdv d vwudljkw lqfrph hhfw= lq dq| shulrg dqg iru dq| zdjh/
wkh uhvhuydwlrq dvvhw ohyho lv orzhu dqg wkh uhvhuydwlrq zdjh kljkhu1 Vhfrqg/
zkdw kdsshqv dv wkh ghjuhh ri shuvlvwhqfh fkdqjhvB Dv glvfxvvhg/ d uhgxf0
wlrq lq shuvlvwhqfh lqfuhdvhv wkh srvvlelolwlhv iru lqwhuwhpsrudo vxevwlwxwlrq
dqg uhgxfhv wkh zhdowk hhfw ri d jlyhq zdjh uhdolvdwlrq1 Wklv pdnhv wkh
glvshuvlrq ri wkh olqhv lq jxuh : hyhq juhdwhu1 Wkh glvshuvlrq ri uhvhuydwlrq
dvvhw ohyhov vwloo uhgxfhv zlwk djh/ exw wkh uhgxfwlrq rffxuv odwhu lq wkh olih0
f|foh dv wkh hhfw ri ghyldwlrqv iurp wkh phdq zdjh kdyh olwwoh lpsdfw rq
uhpdlqlqj olih0wlph zhdowk xqwlo forvh wr wkh qdo shulrg1 E| frqwudvw/ zkhq
zdjhv duh pruh shuvlvwhqw/ d ghyldwlrq ri wkh zdjh wrgd| iurp wkh phdq
zrxog ohdg wr ohvv lqwhuwhpsrudo vxevwlwxwlrq wkdq vkrzq lq jxuh : ehfdxvh
wkh h{shfwdwlrq ri wkh zdjh udwh wrpruurz fkdqjhv fruuhvsrqglqjo|1
Olih0f|foh Surohv1 Uhvxowv lq wklv vhfwlrq duh wkh lpsolfdwlrqv iru sdu0
wlflsdwlrq dqg dvvhw dffxpxodwlrq ri vlpxodwlrqv ydu|lqj wkh jhqhurvlw| ri
xqhpsor|phqw ehqhw dqg iru glhuhqw ydoxhv ri  wkh dxwruhjuhvvlrq fr0
h!flhqw lq wkh zdjh htxdwlrq1 Iljxuh ; vkrzv wkh hhfw ri xqhpsor|phqw
ehqhw rq sduwlflsdwlrq dfurvv wkh olih0f|foh iru     dqg      1 Xq0
vxusulvlqjo|/ wklv vkrzv wkdw lqfuhdvhg jhqhurvlw| ri ehqhwv lqfuhdvhv wkh
dyhudjh ohyho ri qrq0sduwlflsdwlrq dw doo djhv/ exw wkh sdwk ri wkh dyhudjh
ohyho ri qrq0sduwlflsdwlrq klghv wkh ehkdylrxu ri sduwlfxodu lqglylgxdov1 Wkh
nh| srlqw derxw wkh ehkdylrxu ri sduwlfxodu lqglylgxdov lv wkdw wkh sure0
delolw| ri sduwlflsdwlrq lq wkh qh{w shulrg lv kljkhu li wkh lqglylgxdo kdv
qrw sduwlflsdwhg lq wkh fxuuhqw shulrg1 Wklv lv ehfdxvh qrq0sduwlflsdwlrq lq0
yroyhv wkh lqwhuwhpsrudo vxevwlwxwlrq ri oderxu vxsso| dqg wkh xvh ri vdylqjv
wr pdlqwdlq frqvxpswlrq lq shulrgv ri qrq0sduwlflsdwlrq1 Wkxv/ iroorzlqj d
shulrg ri qrq0sduwlflsdwlrq/ vdylqjv zloo eh orzhu dqg wkh lqglylgxdo lv pruh
olnho| wr sduwlflsdwh1 Dq lqfuhdvh lq wkh jhqhurvlw| ri ehqhwv lqfuhdvhv wkh
69qxpehu ri shulrgv ri qrq0sduwlflsdwlrq/ exw dv glvfxvvhg ehorz/ lw dovr lq0
fuhdvhv krxuv ri zrun lq shulrgv ri sduwlflsdwlrq1
Ixuwkhu/ iru d jlyhq jhqhurvlw| ri ehqhwv/ wkh dyhudjh ohyho ri qrq0
sduwlflsdwlrq lv juhdwhu zkhq vkrfnv duh pruh shuvlvwhqw1 Ilqdoo|/ zkhq
        RU  wkh dyhudjh ohyho ri qrq0sduwlflsdwlrq lqfuhdvhv zlwk W
zkhq |rxqj/ dqg wkhq idoov zlwk W zkhq rog1 Zkhq      wkh dyhudjh
ohyho ri qrq0sduwlflsdwlrq idoov zlwk W zkhq rog/ dqg wkhuh lv plog hylghqfh
wkdw lw lqfuhdvhv zlwk W zkhq |rxqj1 Wkhvh srlqwv dulvh ehfdxvh wkh yduldqfh
ehwzhhq lqglylgxdov lq uhdolvhg zdjh surohv dqg khqfh lq olihwlph zhdowk
lv juhdwhu li wkh shuvlvwhqfh ri zdjh vkrfnv lv juhdwhu1 Dw wkh vwduw ri wkh
olih0f|foh/ hyhu|rqh kdv wkh vdph dvvhw vwrfn/ exw lqglylgxdov zkr uhfhlyh d
srvlwlyh zdjh vkrfn lqfuhdvh wkhlu dvvhwv/ dqg vr shuvlvwhqfh lq zdjh vkrfnv
phdqv dvvhw vwrfnv zloo glyhujh txlfno|1 Wkh dffxpxodwlrq ri dvvhwv lq0
fuhdvhv wkh suredelolw| ri qrq0sduwlflsdwlrq lq vxevhtxhqw shulrgv/ dqg wkxv
qrq0sduwlflsdwlrq lqfuhdvhv zlwk djh hduo| lq wkh olih0f|foh ehfdxvh lqglylgx0
dov zkr kdyh kdg srvlwlyh zdjh vkrfnv kdyh ehhq deoh wr dffxpxodwh dvvhwv
ehiruh uhfhlylqj qhjdwlyh vkrfnv1 Zkhq wkhuh lv olwwoh shuvlvwhqfh/ wkhuh lv
qrw wkh vdph rssruwxqlw| iru dvvhw dffxpxodwlrq1 Wrzdugv wkh hqg ri wkh
olih0f|foh/ qrq0sduwlflsdwlrq idoov zlwk W ehfdxvh wkhuh lv qrw wkh vdph rs0
sruwxqlw| iru lqwhuwhpsrudo vxevwlwxwlrq ri oderxu1 Wklv hhfw rffxuv odwhu
lq wkh olih0f|foh zkhq wkhuh lv qr shuvlvwhqfh ehfdxvh wkhuh lv d kljkhu sure0
delolw| wkdw wkh zdjh vkrfn zloo eh uhyhuvhg lq vxevhtxhqw shulrgv li wkhuh
lv qr srvlwlyh fruuhodwlrq lq vkrfnv dfurvv wlph1
Wklv lqfuhdvh lq sduwlflsdwlrq zkhq rog lv lq frqwudvw wr wkh uhvxowv ri
vhfwlrq 8 dqg wr wkh uhvxowv ri Hfnvwhlq dqg Zroslq +4<;<,1 Wkhvh odwwhu
wzr vhwv ri uhvxowv duh gulyhq e| d vlplodu udwlrqdoh= wrzdugv wkh hqg ri wkh
olih0f|foh wkh ehqhw ri sduwlflsdwlrq idoov1 Lq vhfwlrq 8/ wklv rffxuv ehfdxvh
xqfhuwdlqw| kdv ehhq uhvroyhg dqg vr wkhuh lv ohvv qhhg wr dffxpxodwh vdy0
lqjv> lq wkh prgho ri Hfnvwhlq dqg Zroslq/ wkh ehqhw ri sduwlflsdwlrq idoov
dv wkh qxpehu ri uhpdlqlqj shulrgv ghfolqhv ehfdxvh wkh uhwxuq wr dffxpx0
odwlqj h{shulhqfh dqg khqfh lqfuhdvlqj wkh zdjh lq vxevhtxhqw shulrgv lv
ohvv1 Wkh nh| glhuhqfh lq wkh fxuuhqw prgho zlwk xqhpsor|phqw ehqhw lv
6:Iljxuh ;= Qrq0Sduwlflsdwlrq zlwk Xqhpsor|phqw Ehqhw
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Wkh uvw judsk vkrzv wkh h{whqw ri qrq0sduwlflsdwlrq zkhq  'f  .dqg wkh vhfrqg judsk
zkhq  'f  f 1 Wkh judskv vkrz wkh shufhqwdjh ri lqglylgxdov zkr fkrrvh qrw wr sduwlflsdwh
l qh d f ks h u l r gi r ug l  h u h q wy d o x h vr i
￿
7 ￿1j'f   /#'f  .dqg D '  D 1
6;wkdw shulrgv ri qrq0sduwlflsdwlrq duh wkh uhvxow ri lqwhuwhpsrudo vxevwlwxwlrq
lqwhudfwlqj zlwk wkh ehqhw v|vwhp1
Zkhq vkrfnv duh lglrv|qfudwlf dqg wkhuh lv xqhpsor|phqw ehqhw/ wkhuh
lv qhjoljleoh dvvhw dffxpxodwlrq1 Wklv lv ehfdxvh wkh xqfhuwdlqw| ryhu wkh
zdjh dyhudjhv rxw dfurvv wkh olih0f|foh dqg vr wkhuh lv olwwoh qhhg iru suh0
fdxwlrqdu| edodqfhv1 Hyhq zlwk      wkh ohyho ri dvvhw dffxpxodwlrq lv
vwloo orz/ exw zkhq     / wkh dyhudjh ohyho ri dvvhw edodqfhv uhdfkhv wkh
dyhudjh ri pd{lpxp hduqlqjv lq rqh shulrg +l1h1 ~ Z,1
Uhvxow 8 Dvvhw dffxpxodwlrq lqfuhdvhv zlwk wkh jhqhurvlw| ri ehqhwv zkhq
       RU 1
Wklv uhvxow lv vkrzq lq jxuh < iru     dqg     1 Dq lqfuhdvh lq
wkh jhqhurvlw| ri ehqhwv kdv wzr hhfwv= uvw/ lw lqfuhdvhv lqvxudqfh djdlqvw
vkrfnv wr wkh zdjh udwh/ wkxv uhgxflqj wkh frvw ri xqfhuwdlqw| dqg wkh qhhg
iru suhfdxwlrqdu| edodqfhv> vhfrqg/ lw lqfuhdvhv wkh qxpehu ri shulrgv ri
qrq0sduwlflsdwlrq/ dqg wklv phdqv lqfuhdvhg vdylqj lq rughu wr pdlqwdlq
frqvxpswlrq ohyhov lq shulrgv ri qrq0sduwlflsdwlrq1 Lq wkh sduwlfxodu h{dp0
sohv vkrzq lq jxuh </ wkh lqvxudqfh dvshfw lv grplqdwhg e| wkh ghvluh wr
vprrwk frqvxpswlrq1
Dv wkh jhqhurvlw| ri ehqhwv lqfuhdvhv/ wkh juhdwhu vdylqj vkrzq dulvhv
ehfdxvh oderxu vxsso| zkhq lqglylgxdov dfwxdoo| zrun lv juhdwhu1 Olihwlph
oderxu vxsso| lv orzhu/ krzhyhu/ dqg vr frqvxpswlrq frqglwlrqdo rq sduwlf0
lsdwlrq lv orzhu zkhq wkh ehqhw v|vwhp lv pruh jhqhurxv ehfdxvh olihwlph
zhdowk zloo eh orzhu gxh wr wkh orzhu olihwlph oderxu vxsso|1 Erwk frqvxps0
wlrq dqg ohlvxuh frqglwlrqdo rq sduwlflsdwlrq lqfuhdvh zlwk W exw wkh sdwkv
duh idluo|  dw1
Wkhvh uhvxowv udlvh wkh txhvwlrq ri zklfk ehqhw ohyho lv rswlpdo1 Lw lv
srvvleoh wr fduu| rxw h{solflw zhoiduh fdofxodwlrqv ri wkh h{shfwhg frvw ri
dfklhylqj d jlyhq h{shfwhg xwlolw|/ dv lq vhfwlrq 715> krzhyhu/ ehwzhhq wkh
uhyhqxh qhxwudo ehqhw fkdqjhv frqvlghuhg deryh/ olihwlph xwlolw| lv lqfuhdv0
lqj lq wkh ehqhw ohyho1
6<Iljxuh <= Dvvhw Dffxpxodwlrq zlwk Xqhpsor|phqw Ehqhw



































































Bw /. = 022
Bw /. = 024
Wkh jxuh vkrzv wkh udwlr ri wkh hqg0ri0shulrg dvvhw vwrfn wr wkh phdq ri pd{lpxp
hduqlqjv +l1h1 7  ,i r ug l  h u h q wy d o x h vr i
￿
7 ￿1 Wkh uvw judsk vkrzv  'f  . / dqg wkh vhfrqg
vkrzv  'f  bD1 Lq erwk fdvhv/ j 'f   /#'f  .dqg D '  D 1
73: Frqfoxvlrq
Wkh vlpxodwlrqv lq wklv sdshu dlp wr vkrz wkh hhfw ri qrq0pdunhw lqvxudqfh
rq olih0f|foh ehkdylrxu1 Wklv lv lq d prgho zkhuh lqglylgxdov fkrrvh oderxu
vxsso| dqg vdylqjv lq hdfk shulrg1 Wkuhh irupv ri lqvxudqfh duh frqvlghuhg1
Wkh uvw irup lv vhoi0lqvxudqfh zkhuh lqglylgxdov xqghuwdnh suhfdxwlrqdu|
vdylqjv ru suhfdxwlrqdu| oderxu vxsso|= wkh nh| uhvxow lv wkdw lqfuhdvhg  h{0
lelolw| lq wkh oderxu vxsso| fdq ohdg wr lqfuhdvhg suhfdxwlrqdu| vdylqj1 Wklv
dulvhv ehfdxvh wkh xwlolw| frvw ri dffxpxodwlqj dvvhwv lv orzhu zkhq lqfuhdvhg
oderxu vxsso| zkhq |rxqj fdq eh xvhg wr lqfuhdvh vdylqjv1 D ixuwkhu srlqw/
krzhyhu/ lv wkdw frqvxpswlrq lv pruh vprrwk dqg zhoiduh kljkhu zkhq oderxu
vxsso| lv  h{leoh1 Wklv vxjjhvwv wkdw lqglylgxdov zkr duh frqvwudlqhg wr zrun
{hg krxuv wkurxjk wkhlu olyhv zloo kdyh dffxpxodwhg ihzhu dvvhwv dqg kdyh
orzhu zhoiduh wkdq wkrvh zkr duh xqfrqvwudlqhg1
Wkh vhfrqg irup ri lqvxudqfh lv wkurxjk krxvhkrog lqfrph= lw lv dv0
vxphg wkdw krxvhkrogv kdyh wzr lqfrph vwuhdpv/ sulpdu| hduqhu lqfrph/
zkhuh wkhuh lv qr  h{lelolw| ryhu krxuv/ dqg vhfrqgdu| hduqhu lqfrph/ zlwk
 h{lelolw| ryhu krxuv dqg sduwlflsdwlrq1 Wkh wzr vrxufhv ri lqfrph surylgh
lqfuhdvlqjo| hhfwlyh lqvxudqfh/ dqg khqfh uhgxfhg suhfdxwlrqdu| vdylqj/ dv
wkh fruuhodwlrq ehwzhhq vkrfnv wr wkh wzr vrxufhv ehfrphv lqfuhdvlqjo| qhj0
dwlyh1 Zkhq vkrfnv duh qhjdwlyho| fruuhodwhg/ vhfrqgdu| hduqhuv sduwlflsdwh
dqg zrun orqj krxuv zkhq wkh sulpdu| hduqhu uhfhlyhv orz lqfrph vkrfnv/
dowkrxjk sduwlflsdwlrq idoov dfurvv wkh olih0f|foh1
Wkh wklug irup ri lqvxudqfh frqvlghuhg lv xqhpsor|phqw ehqhw sdlg iru
e| d zdjh wd{1 Xqhpsor|phqw ehqhw jlyhv wkh lqglylgxdo lqvxudqfh djdlqvw
qhjdwlyh zdjh vkrfnv dqg wklv uhgxfhv wkh qhhg iru suhfdxwlrqdu| edodqfhv
+dv glvfxvvhg e| Yduldq/ 4<;3,1 Krzhyhu/ lq shulrgv ri qrq0sduwlflsdwlrq/
lqglylgxdov xvh xs wkhlu vdylqjv lq dgglwlrq wr uhfhlylqj xqhpsor|phqw ehq0
hw +zklfk lv qrw dvvhw0whvwhg,/ dqg wklv lqfuhdvhv ghvluhg dvvhw kroglqjv1
Lq wklv zd|/ d pruh jhqhurxv ehqhw surjudp fdq ohdg wr lqfuhdvhg dvvhw
dffxpxodwlrq ehfdxvh wkh ghfuhdvhg sduwlflsdwlrq phdqv lqglylgxdov qhhg
juhdwhu vdylqj lq rughu wr vprrwk frqvxpswlrq1
Wkhvh uhvxowv udlvh d qxpehu ri ixuwkhu uhvhdufk dyhqxhv= wkh lqwurgxf0
74wlrq ri dq h{solflw shulrg ri uhwluhphqw zrxog lqwurgxfh d ixuwkhu prwlyh iru
vdylqj zklfk zloo lqwhudfw zlwk wkh suhfdxwlrqdu| prwlyhv glvfxvvhg1 Uhwluh0
phqw frxog eh lqwurgxfhg wkurxjk d vx!flhqwo| odujh surgxfwlylw| grzqwxuq
zkhq rog/ dqg wklv zrxog ohdyh wkh dfwxdo gdwh ri uhwluhphqw hqgrjhqrxv1 Lq
wklv frqwh{w/ lw zrxog pdnh vhqvh wr lqwurgxfh wkh dvvhw whvwlqj ri ehqhwv1
Wkh uhvxowv ri Kxeedug hw do1 +4<<8, vkrz wkdw dvvhw0whvwlqj ri uhwluhphqw
ehqhwv ohdgv wr uhgxfhg vdylqj e| vhfwlrqv ri wkh srsxodwlrq1 E| pdnlqj
oderxu vxsso|  h{leoh/ lw lv srvvleoh wr vhh zkhwkhu wklv uhgxfhg vdylqj rffxuv
wkurxjk uhgxfhg oderxu vxsso|/ hduo| uhwluhphqw ru lqfuhdvhg frqvxpswlrq1
; Dsshqgl{= Vroxwlrq Phwkrg
Zlwkrxw Xqhpsor|phqw Ehqhw1 Vhfwlrqv 7 dqg 8 xvh wkh vdph/ vwdqgdug
whfkqltxh wr vroyh iru wkh rswlpdo srolf| ixqfwlrqv zklfk jlyh ohlvxuh dqg frqvxps0
wlrq dv ixqfwlrqv ri wkh zdjh dqg wkh lqlwldo dvvhw ohyho iru wkdw djh/ frqglwlrqdo rq
wkh dvvxphg zdjh surfhvv=








Vlqfh OW fdq eh zulwwhq dv d ixqfwlrq ri FW dv lq htxdwlrq +45,/ wkh sureohp uhgxfhv
wr vroylqj iru FW Wkh vroxwlrq lv irxqg/ dv lq Ghdwrq +4<<4,/ wkurxjk edfnzdug
lqgxfwlrq/ vwduwlqj zlwk wkh whuplqdo frqvwudlqw +7,1 Rqfh wkh srolf| ixqfwlrqv iru
hyhu| djh kdyh ehhq irxqg/ wkh prgho lv wkhq vlpxodwhg vwduwlqj iurp wkh lqlwldo
shulrg wr jlyh d suroh ri krz frqvxpswlrq dqg ohlvxuh hyroyh dfurvv wkh olihwlph1
Wkh h{shfwdwlrqv rshudwru lq htxdwlrq +<, dqg wkh qrq0olqhdu irup ri pdujlqdo
xwlolw| phdq wkdw lw lv qrw srvvleoh wr qg dqdo|wlf vroxwlrqv wr wkh srolf| ixqfwlrqv
dqg vr qxphulfdo vroxwlrq phwkrgv duh qhfhvvdu| wr rewdlq wkh srolf| ixqfwlrqv1
Wkhuh duh wzr vwdwh yduldeohv/ wkh dvvhw ohyho/ $W dqg wkh zdjh udwh1
Lq vhfwlrqv 7 dqg 8/  lv dvvxphg wr eh htxdo wr 4 dqg vr wkh zdjh udwh lv
qrq0vwdwlrqdu| dqg khqfh wkh vroxwlrq iru frqvxpswlrq lv qrq0vwdwlrqdu|1 Krzhyhu/
dv lq Ghdwrq +4<<4,/ lw lv srvvleoh wr wudqvirup wkh yduldeohv lq htxdwlrqv +44, dqg
+45, wr pdnh wkhp vwdwlrqdu|1 Wklv lv grqh e| glylglqj erwk htxdwlrqv e| ZW/d q g
vxevwlwxwlqj FW ZW lq sodfh ri dfwxdo frqvxpswlrq1 Vroylqj iru FW ZW jlyhv wkh vdph
vroxwlrq dv vroylqj iru FW dv xwlolw| lv krprwkhwlf1 Wkh vroxwlrq wr hdfk djh0vshflf
75ixqfwlrqdo htxdwlrq lv irxqg e| xvlqj wkh qlwh hohphqw phwkrg +PfJudwwdq/ 4<<9>
Uhgg|/ 4<<6,1 Wklv lv d orfdo dssur{lpdwlrq phwkrg zklfk dssur{lpdwhv zhoo dq|
nlqnv lq wkh srolf| ixqfwlrq14:
Wkhuh uhpdlq vrph lpsohphqwdwlrq lvvxhv= wr lpsrvh d plqlpxp ydoxh rq wkh
zdjh udwh/ lw zdv dvvxphg wkdw wkh vkrfn wr orj zdjhv/  lv zlwklq yh vwdqgdug
ghyldwlrqv ri wkh phdq1 Vkrfnv duh pxowlsolfdwlyh/ vr wklv lv d uhvwulfwlrq rq wkh
sursruwlrq e| zklfk zdjhv fdq fkdqjh ehwzhhq W dqg W   4; Vlqfh wkh zdjh lv
qrq0vwdwlrqdu|/ wkh vwdwh vsdfh lv ghqhg dfurvv $W ZWr￿ dqg ZW ZWr￿1 Wkh julg
ydoxhv iru ZW ZWr￿ duh ghwhuplqhg sulpdulo| e| wkh devflvvdh iru wkh Jdxvvldq
txdgudwxuh dqg wkh ghwhuplqlvwlf zdjh jurzwk whup/ jlyhq e| hW1 Wkh julg vsdflqj
iru $W ZWr￿ qhhgv wr eh pruh ghqvh lq duhdv zkhuh wkh judglhqw ri wkh srolf|
ixqfwlrq fkdqjhv txlfno| +forvh wr $W wkh plqlpxp ihdvleoh dvvhw vwrfn lq W,1 Wkh
olihwlph exgjhw frqvwudlqw lpsrvhv d uhvwulfwlrq rq wkh h{whqw ri vshqglqj lq dq|
rqh shulrg1 Dv glvfxvvhg lq Dwwdqdvlr hw do1 +4<<<,/ wklv lv lqirupdwlrq dydlodeoh wr
wkh lqglylgxdo dqg vr vkrxog eh h{sorlwhg lq wkh vroxwlrq phwkrg1 Wr eh vshflf/
wkh lqglylgxdo fdqqrw vshqg pruh wkdq plqlpxp lqfrph iru uhpdlqlqj shulrgv/
zkhuh wklv plqlpxp lqfrph lv ghwhuplqhg e| wkh plqlpxp zdjh lq hdfk shulrg1
Wklv lv ehfdxvh wkh pdujlqdo xwlolw| ri kdylqj }hur zlwklq shulrg lqfrph wr vshqg
lv lqqlwh dqg wkh lqglylgxdo lv frqvwudlqhg qrw wr glh lq ghew1 Khqfh/ wkh vroxwlrq
iru zlwklq shulrg vshqglqj olhv ehwzhhq  dqg plqlpxp lqfrph1
Wkh iroorzlqj wzr sursrvlwlrqv vkrz wkdw wkh vroxwlrq zloo eh zhoo0ehkdyhg dqg
dovr dfw dv d fkhfn rq wkh vroxwlrq1
Sursrvlwlrq 5 Wkh djh ri dq lqglylgxdo dqg wkh dvvhw ohyho dw wkh vwduw ri wkh
shulrg ghqh d xqltxh zdjh dw zklfk wkh frqvwudlqw rq ohlvxuh elqgv h{dfwo|1 Wkdw
lv/ wkhuh lv d xqltxh uhvhuydwlrq zdjh1
Surri= Wkh uhvhuydwlrq zdjh lv xqltxh li/ iru dq| zdjh juhdwhu wkdq wkh uhvhuydwlrq
zdjh/ ghvluhg krxuv ri ohlvxuh/ OG duh ohvv wkdq wkh pd{lpxp/ dqg li/ iru dq|
zdjh ohvv wkdq wkh uhvhuydwlrq zdjh/ ghvluhg krxuv ri ohlvxuh duh juhdwhu wkdq wkh
4:Iruwudq frgh lv dydlodeoh iurp wkh dxwkru rq uhtxhvw1 Wkh frgh xvhv wkh QDJ oleudu|
wr vroyh wkh xqghuo|lqj qrqolqhdu htxdwlrqv1
4;Lq Fduuro +4<<5, dqg rwkhuv/ wkh zruvw rxwfrph lq d jlyhq shulrg lv dq lqfrph ri }hur/
dqg wklv rffxuv zlwk suredelolw| Rc zklfk erwk sdshuv vhw htxdo wr 313381 Wklv phdqv
lqglylgxdov qhyhu eruurz ehfdxvh wkh suredelolw| ri wkh zruvw rxwfrph rffxuulqj lv vhw dw
d vljqlfdqw ohyho1 Eruurzlqj lq wkh fxuuhqw sdshu zloo eh yhu| olplwhg ehfdxvh plqlpxp
lqfrph lv yhu| orz/ dowkrxjk qrw }hur1
76pd{lpxp +iru d jlyhq lqlwldo ohyho ri dvvhwv,1 Lq rwkhu zrugv/
L li Z!Z 5 O G 
 LL li ZZ 5￿ OG ! 
zkhuh Z5 lv wkh uhvhuydwlrq zdjh1
Jlyhq wkh pdujlqdo xwlolw| ri ohlvxuh lv srvlwlyh/ wkh qhfhvvdu| dqg vx!flhqw
frqglwlrq iru wkhvh wzr frqglwlrqv wr eh phw lv wkdw ghvluhg krxuv ri ohlvxuh ghfuhdvh
zlwk wkh zdjh udwh dw OG   Wklv uhodwlrqvkls fdq eh vhhq wr krog iurp wkh Voxwvn|












zkhuh \ lv zlwklq shulrg vshqglqj1 Dw OG   /K dqg vr wkh odvw whup lq wklv
htxdwlrq gursv rxw1 Wkxv/ wkh vljq ri GK GZ dw OG  lv ghwhuplqhg rqo| e| wkh
vxevwlwxwlrq hhfw1 Zkhq wkh zdjh udwh lqfuhdvhv/ wkh vxevwlwxwlrq hhfw dozd|v
ohdgv wr d idoo lq ohlvxuh dqg vr #O
#Z
z z
OG ￿  
Sursrvlwlrq 6 Wkh uhvhuydwlrq zdjh lv qrqghfuhdvlqj lq wkh ohyho ri dvvhw krog0
lqjv/ dvvxplqj wkdw ohlvxuh lv d qrupdo jrrg1
Surri= Wkh uhvhuydwlrq zdjh lv lpsolflwo| ghqhg e|
OZ5$ 













Wkh qxphudwru lv srvlwlyh li ohlvxuh lv qrupdo1 Wkh ghqrplqdwru lv wkh Klfnvldq
vxevwlwxwlrq hhfw zklfk lv qhjdwlyh1 Khqfh/ GZ5
G$ ! 
Zlwk Xqhpsor|phqw Ehqhw1 Wkh sureohp zlwk lqwurgxflqj xqhpsor|phqw
ehqhw/ ru lqghhg dq| ehqhw frqglwlrqdo rq oderxu pdunhw vwdwxv/ lv wkdw lw pdnhv
wkh exgjhw vhw idflqj wkh lqglylgxdo qrq0frqyh{1 Wklv lq wxuq lpsolhv wkdw wkh ydoxh
ixqfwlrq lv qrq0frqfdyh dqg wkh srolf| ixqfwlrqv iru ohlvxuh dqg frqvxpswlrq zloo
eh glvfrqwlqxrxv1 Wkh h{wud zdjh lqfrph iurp zrunlqj lv ohvv wkdq wkh ehqhw orvw
77li krxuv ri zrun duh yhu| orz dqg wklv phdqv wkdw wkh lqglylgxdo zloo fkrrvh hlwkhu
wr zrun d vljqlfdqw qxpehu ri krxuv ru qrw wr zrun dw doo1
Lq vhfwlrq 9/ wkh zdjh surfhvv lv vlpsolhg e| dvvxplqj wkdw ZW fdq rqo| wdnh
d glvfuhwh udqjh ri ydoxhv1 Wklv udqjh ri ydoxhv lv lqghshqghqw ri ZWr￿ exw wkh
wudqvlwlrq suredelolw| ri revhuylqj ZW ghshqgv rq ZWr￿ dqg wkh ydoxh  Lq rwkhu
zrugv/ wkh zdjh surfhvv iroorzv d uvw rughu Pdunry surfhvv/ zklfk plplfv wkh
frqwlqxrxv surfhvv ghvfulehg e| htxdwlrq +8,1 Dv  whqgv wr 4/ krzhyhu/ wkh glvfuhwh
dssur{lpdwlrq glhuv lqfuhdvlqjo| iurp wkh frqwlqxrxv surfhvv1 Wkh dgydqwdjh ri
wklv glvfuhwlvdwlrq lv wkdw wkh vroxwlrq lv iru d qxpehu ri rqh glphqvlrqdo srolf|
ixqfwlrqv/ zlwk wkh qxpehu ri srolf| ixqfwlrqv ghwhuplqhg e| wkh qxpehu ri glvfuhwh
srlqwv xvhg lq wkh txdgudwxuh surfhvv/ udwkhu wkdq iru rqh wzr glphqvlrqdo srolf|
ixqfwlrq1
Wkh pdlq sureohp lq wkh vroxwlrq lv ghdolqj zlwk wkh glvfrqwlqxlw| lq wkh srolf|
ixqfwlrqv1 Lqwhusrodwlrq dfurvv d glvfrqwlqxrxv srolf| ixqfwlrq zloo eh yhu| lpsuh0
flvh1 Wr dyrlg wklv/ lw lv qhfhvvdu| wr vroyh uvw iru wkh srlqw dw zklfk wkh srolf|
ixqfwlrq ehfrphv glvfrqwlqxrxv dqg wkhq wr dssur{lpdwh vhsdudwho| wkh vroxwlrq dw
hlwkhu vlgh ri wkh glvfrqwlqxlw|1 Wklv phdqv vroylqj iru wkh vwdwhv ri wkh zruog lq
















Sursrvlwlrq 4 fodlpv wkdw wkh ydoxh ri $
5￿Z
W vxfk wkdw wklv lqglhuhqfh krogv lv
xqltxh1 Wklv fdq eh suryhg dv iroorzv=
Surri= Lw lv qhfhvvdu| wr suryh wkh iroorzlqj=
#
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Li wklv krogv iru dq| fdqglgdwh $
5￿Z
W  wkhq dw $
5￿Z
W wkh ydoxh ri qrw sduwlflsdwlqj lv
lqfuhdvlqj idvwhu wkdq wkh ydoxh ri sduwlflsdwlqj/ dqg vr/ vlqfh wkh ydoxh ixqfwlrqv
duh htxdo dw $
5￿Z
W wklv phdqv wkdw 9 1 $WZ W 9 ( $ W Z W li $W $
5￿Z
W dqg
9 1 $WZ W!9( $ WZ Wli $W !$
5￿Z
W  Li htxdwlrq +58, krogv/ wkh ydoxh ixqfwlrqv
fdq rqo| furvv rqfh/ ehfdxvh wkh ydoxh ixqfwlrqv frqglwlrqdo rq oderxu pdunhw vwdwxv
duh frqwlqxrxv/ dqg vr $
5￿Z


















W lv wkh vroxwlrq wr +53, dqg F(
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W  % +5:,
Li wklv glg qrw krog/ htxdwlrq +57, frxog qrw krog ehfdxvh wkh ydoxh ri qrw sdu0
wlflsdwlqj zrxog kdyh wr eh juhdwhu wkdq wkh ydoxh ri sduwlflsdwlqj vlqfh ohlvxuh
frqihuv xwlolw|153 Wklv lpsolhv wkdw frqvxpswlrq lq W lv kljkhu zkhq hpsor|hg wkdq
zkhq qrw0sduwlflsdwlqj ehfdxvh frqvxpswlrq lq hyhu| shulrg lv d qrupdo jrrg1 Li
zlwklq shulrg xwlolw| zhuh dgglwlyho| vhsdudeoh ehwzhhq ohlvxuh dqg frqvxpswlrq/
wklv zrxog eh vx!flhqw wr suryh +59,/ exw wkh orzhu ohlvxuh zkhq sduwlflsdwlqj udlvhv
wkh pdujlqdo xwlolw| ri frqvxpswlrq zkhq sduwlflsdwlqj1
Wkhuhiruh/ wkh qdo vwhs xvhv wkh idfw wkdw lqgluhfw xwlolw| lv frqfdyh lq wrwdo
zlwklq shulrg vshqglqj/ vr lqfuhdvhv lq lqfrph kdyh d glplqlvklqj hhfw rq lqgluhfw
xwlolw|1 Vlqfh htxdwlrq +5:, vkrzv wkdw lqfrph lv juhdwhu zkhq wkh lqglylgxdo lv
sduwlflsdwlqj/ wkh pdujlqdo hhfw ri lqfrph rq lqgluhfw xwlolw|/ #YZ\ #\ zloo








































zkhuh wkh uvw vwhs xvhv wkh idfw wkdw wkhuh lv dq lqwhulru vroxwlrq iru ohlvxuh/ dqg
wkh vhfrqg vwhs frphv iurp wkh ghqlwlrq ri \   F  ZO Ixuwkhu/ #Y1 Z\ #\ lv




 #F1 dqg wklv suryhv wkh lqhtxdolw| +59,1
Jlyhq wklv xqltxhqhvv ri $
5￿Z
W  lw lv srvvleoh wr zulwh wkh frqglwlrqdo ydoxh
ixqfwlrqv dv lq htxdwlrqv +55, dqg +56, lq wkh wh{w1 Wkh prgho fdq wkhq eh vroyhg
uhfxuvlyho| iurp shulrg 7 zlwk wkh vroxwlrq lq hdfk W irxqg lq wzr vwhsv1 Iluvw/ iru























lw lv srvvleoh wr jhqhudwh wkh ohiw0kdqg vlgh ri wkh lqhtxdolw| +59, lq wkh wh{w1 Dq dqdorjrxv
ghulydwlrq fdq eh pdgh iru
YT (
Y￿W 
53Krzhyhu/ wklv zrxog qrw qhfhvvdulo| eh wuxh li wkh xwlolw| iurp ohlvxuh zhuh qrw lq0
whuwhpsrudoo| dgglwyho| vhsdudeoh1
79hdfk zdjh udwh rq wkh julg/ wkh ydoxh $
5￿Z
W lv irxqg e| vroylqj htxdwlrq +57, xvlqj
htxdwlrqv +55, dqg +56,1 Vhfrqg/ wkh ydoxh ixqfwlrqv frqglwlrqdo rq oderxu pdunhw
vwdwxv duh vroyhg xvlqj wkh Ehoopdq htxdwlrqv1 Wklv lv grqh iru ydoxhv deryh $
5￿Z
W
iru wkh ydoxh ixqfwlrq zkhq qrw zrunlqj +htxdwlrq +55,, dqg iru ydoxhv ehorz $
5￿Z
W
iru wkh ydoxh ixqfwlrq zkhq zrunlqj +htxdwlrq +56,,1 Wkh ydoxh ixqfwlrq lv qrw
glvfrqwlqxrxv dw $
5￿Z
W exw lw lv qrq0frqfdyh/ dqg d pruh suhflvh vroxwlrq lv jlyhq
e| vroylqj uvw iru $
5￿Z
W 54 Lq dgglwlrq wr vwrulqj wkh ydoxh ixqfwlrqv lq W lw lv dovr
srvvleoh wr vwruh wkh frqglwlrqdo srolf| ixqfwlrqv/ dqg wklv vshhgv xs wkh vxevhtxhqw
vlpxodwlrqv1
Wd{ Uhtxluhphqw1 Wkh vroxwlrq phwkrg mxvw ghvfulehg zrunv iru d jlyhq ydoxh
ri % dqg d jlyhq ydoxh ri q Krzhyhu/ lw lv qhfhvvdu| wkdw/ iru d jlyhq ydoxh ri %
wkh wd{ udwh pxvw eh vhw wr edodqfh wkh exgjhw/ rwkhuzlvh uhvxowv pd| eh gxh wr
fkdqjhv lq h{shfwhg lqfrph udwkhu wkdq wkh lqfuhdvhg % shu vh1 Wklv zdjh wd{ zloo
kdyh glvwruwlrqv rq lqwhuwhpsrudo dqg oderxu pdunhw ehkdylrxu lq dgglwlrq wr wkh
glvwruwlrq ri wkh ehqhw sd|phqw1 Wkhuhiruh/ iru dq| jlyhq ohyho ri ehqhw sd|phqw/
wkh udwh ri wkh zdjh wd{ qhfhvvdu| wr pdnh ehqhw fkdqjhv uhyhqxh qhxwudo lv irxqg
e| vlpsoh lwhudwlrq= dq lqlwldo jxhvv lv pdgh dw q dqg wkh g|qdplf surjudp lv vroyhg
dqg vlpxodwhg wr jlyh wkh uhdolvhg frvw ri wkh ehqhw surjudp dqg wkh uhdolvhg
uhyhqxh udlvhg e| q erwk glvfrxqwhg wr shulrg 41 Ghshqglqj rq zkhwkhu wkhuh lv d
ghflw ru vxusoxv/ d qhz ydoxh ri q lv wulhg/ dqg wklv surfhvv frqwlqxhv xqwlo wkhuh
lv exgjhw edodqfh155 Dw wkh vroxwlrq/ qv lw lv qhfhvvdu| wr fkhfn +qxphulfdoo|, wkdw
#5 #q !  wr hqvxuh wkdw qv lv wkh plqlpxp wd{ udwh wkdw edodqfhv wkh exgjhw1 Lw
lv dovr qhfhvvdu| wr fkhfn wkdw q  lv qrw d vroxwlrq= lqfuhdvhv lq q lqfuhdvh qrq0
sduwlflsdwlrq/ khqfh lqfuhdvlqj uhtxluhg uhyhqxh dqg ohdglqj wr vsxulrxv vroxwlrqv1
Wdeoh 6 lq wkh wh{w vkrzv wkh qhfhvvdu| wd{ udwhv iru glhuhqw ydoxhv ri wkh jhqhurvlw|
ri ehqhwv irxqg xvlqj wklv phwkrg1
54Rqh dgglwlrqdo sureohp lv wkdw lw lv qrw srvvleoh wr xvh wkh Hxohu htxdwlrq wr vroyh
wkh pd{lplvdwlrq vxe0sureohp lq +55, dqg +56, ehfdxvh ri wkh qrq0glhuhqwldelolw| ri wkh
ydoxh ixqfwlrq dw 
-c￿
|n￿ Lqvwhdg/ d vlpsoh rswlplvdwlrq phwkrg lv xvhg1
55Lw lv qrw qhfhvvdu| iru wkh exgjhw wr edodqfh/ exw lw lv qhfhvvdu| iru wkh ghflw +ru
vxusoxv, wr eh wkh vdph iru doo vfhqdulrv wr nhhs uhyhqxh qhxwudolw|1 D edodqfhg exgjhw lv
vlpsohvw dv lw doorzv frpsdulvrq zlwk wkh prgho zlwk qr ehqhwv1
7:Uhihuhqfhv
^4` Dowxj/ V1 dqg Ploohu/ U1 +4<<;,/ Wkh hhfw ri zrun h{shulhqfh rq ihpdoh
zdjhv dqg oderxu vxsso|1 Uhylhz ri Hfrqrplf Vwxglhv/9 8 = 7 8  ; 8 1
^5` Dwwdqdvlr/ R1/ Edqnv/ M1/ Phjklu/ F1/ dqg Zhehu/ J1 +4<<<,/ Kxpsv dqg
expsv lq frqvxpswlrq1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/
4:=551
^6` Ehoo/ O1 dqg Iuhhpdq/ U1 +4<<7,/ Zk| gr Dphulfdqv dqg Jhupdqv zrun
glhuhqw krxuvB QEHU Zrunlqj Sdshu1 &7;3;1
^7` Eorfn/ P1 N1 dqg Khlqhnh/ M1 P1 +4<:6,/ Wkh doorfdwlrq ri hruw xqghu
xqfhuwdlqw|= Wkh fdvh ri ulvn dyhuvh ehkdylrxu1 Mrxuqdo ri Srolwlfdo
Hfrqrp|/ ;4=6:96;81
^8` Eoxqghoo/ U1/ Eurzqlqj/ P1/ dqg Phjklu/ F1 +4<<7,/ Frqvxphu ghpdqg
dqg wkh olih0f|foh doorfdwlrq ri krxvhkrog h{shqglwxuh1 Uhylhz ri Hfr0
qrplf Vwxglhv/ 94=8:;31
^9` Eoxqghoo/ U1 dqg PdFxug|/ W1 +4<<;,/ Oderxu vxsso|= D uhylhz ri dowhu0
qdwlyh dssurdfkhv1 Lq Dvkhqihowhu/ R1 dqg Fdug/ G1/ hglwruv/ Kdqgerrn
ri Oderxu Hfrqrplfv/ yroxph 61 Qruwk0Kroodqg1 Iruwkfrplqj1
^:` Eoxqghoo/ U1/ Pdjqdf/ W1/ dqg Phjklu/ F1 +4<<:,/ Vdylqjv dqg oderxu
pdunhw wudqvlwlrqv1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 48+5,1
^;` Eoxqghoo/ U1/ Phjklu/ F1/ dqg Qhyhv/ S1 +4<<6,/ Oderxu vxsso| dqg
lqwhuwhpsrudo vxevwlwxwlrq1 Mrxuqdo ri Hfrqrphwulfv/ 8<=46:4931
^<` Eoxqghoo/ U1 dqg Zdonhu/ L1 +4<;9,/ D olih0f|foh frqvlvwhqw hpslulfdo
prgho ri idplo| oderxu vxsso| xvlqj furvv0vhfwlrq gdwd1 Uhylhz ri Hfr0
qrplf Vwxglhv/ 86=86<88;1
^43` Eurzqlqj/ P1/ Ghdwrq/ D1/ dqg Lulvk/ P1 +4<;8,/ D surwdeoh dssurdfk
wr oderxu vxsso| dqg frpprglw| ghpdqgv ryhu wkh olih0f|foh1 Hfrqr0
phwulfd/ 86=8368761
7;^44` Eurzqlqj/ P1 dqg Phjklu/ F1 +4<<4,/ Wkh hhfwv ri pdoh dqg ihpdoh
oderxu vxsso| rq frpprglw| ghpdqgv1 Hfrqrphwulfd/ 8<+7,=<58<841
^45` Fdedoohur/ U1 +4<<3,/ Frqvxpswlrq sx}}ohv dqg suhfdxwlrqdu| vdylqjv1
M r x u q d or iP r q h w d u |H f r q r p l f v / 58=4464691
^46` Fduuroo/ F1 +4<<5,/ Wkh exhu vwrfn wkhru| ri vdylqj= Vrph pdfurhfr0
qrplf hylghqfh1 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlflw|/ 5=944681
^47` Fkulvwldqr/ O1 dqg Ilvkhu/ M1 +4<<9,/ Frpsxwdwlrqdo dojrulwkpv zlwk
rffdvlrqdoo| elqglqj frqvwudlqwv1 Qruwkzhvwhuq Xqlyhuvlw|1P l p h r 1
^48` Ghdwrq/ D1 +4<<4,/ Vdylqj dqg oltxlglw| frqvwudlqwv1 Hfrqrphwulfd/
8<=445444751
^49` Ghdwrq/ D1 +4<<5,/ Xqghuvwdqglqj Frqvxpswlrq1 Foduhqgrq Suhvv/
R{irug1
^4:` Hfnvwhlq/ ]1 dqg Zroslq/ N1 +4<;<,/ G|qdplf oderu irufh sduwlflsd0
wlrq ri zrphq dqg hqgrjhqrxv zrun h{shulhqfh1 Uhylhz ri Hfrqrplf
Vwxglhv/ 89=6:86<31
^4;` Iorghq/ P1 +4<<;,/ Oderu vxsso| dqg frqvxpswlrq xqghu xqfhuwdlqw|=
Suxghqfh uhfrqvlghuhg1 Plphr/ Vwrfnkrop Xqlyhuvlw|1
^4<` Jrvolqj/ D1/ Pdfklq/ V1/ dqg Phjklu/ F1 +4<<;,/ Wkh fkdqjlqj glvwul0
exwlrq ri pdoh zdjhv lq wkh XN1 Uhylhz ri Hfrqrplf Vwxglhv1I r u w k 0
frplqj1
^53` Jxlvr/ O1/ Mdshool/ W1/ dqg Slvwdihuul/ O1 +4<<;,/ Lqfrph ulvn/ suhfdx0
wlrqdu| vdylqj dqg oderu vxsso|1 Xqlyhuvlw| Froohjh Orqgrq1P l p h r 1
^54` Kdndqvvrq/ J1 +4<:3,/ Rswlpdo lqyhvwphqw dqg frqvxpswlrq vwudwhjlhv
xqghu ulvn iru d fodvv ri xwlolw| ixqfwlrqv1 Hfrqrphwulfd/ 6;=8;:93:1
^55` Kdp/ M1 +4<;9,/ Whvwlqj zkhwkhu xqhpsor|phqw uhsuhvhqwv olih0f|foh
oderu vxsso| ehkdylrxu1 Uhylhz ri Hfrqrplf Vwxglhv/ 86=88<8:;1
7<^56` Khfnpdq/ M1 M1 +4<:7,/ Olih0f|foh frqvxpswlrq dqg oderxu vxsso|= Dq
h{sodqdwlrq ri wkh uhodwlrqvkls ehwzhhq lqfrph dqg frqvxpswlrq ryhu
wkh olih0f|foh1 Dphulfdq Hfrqrplf Uhylhz/ 97=4;;4<71
^57` Khfnpdq/ M1 M1 dqg PdFxug|/ W1 H1 +4<;3,/ D olih0f|foh prgho ri ihpdoh
oderxu vxsso|1 Uhylhz ri Hfrqrplf Vwxglhv/ 7:=7::71
^58` Kxeedug/ J1/ Vnlqqhu/ M1/ dqg ]hoghv/ V1 +4<<8,/ Suhfdxwlrqdu| vdylqj
dqg vrfldo lqvxudqfh1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436+5,=6936<<1
^59` Mxgg/ N1 +4<<;,/ Qxphulfdo Phwkrgv lq Hfrqrplfv1 PLW Suhvv/ Fdp0
eulgjh/ PD1
^5:` PdFxug|/ W1 +4<;4,/ Dq hpslulfdo prgho ri oderu vxsso| lq d olih0f|foh
vhwwlqj1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;<+9,=438<43;81
^5;` PdFxug|/ W1 +4<;6,/ D vlpsoh vfkhph iru hvwlpdwlqj dq lqwhuwhpsrudo
prgho ri oderu vxsso| dqg frqvxpswlrq lq wkh suhvhqfh ri wd{hv dqg
xqfhuwdlqw|1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 57+5,=5985;<1
^5<` PfJudwwdq/ H1 +4<<9,/ Dssolfdwlrq ri wkh qlwh hohphqw phwkrg wr wkh
vwrfkdvwlf jurzwk prgho1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/
53=4<751
^63` Pxooljdq/ F1 +4<<8,/ Wkh lqwhuwhpsrudo vxevwlwxwlrq ri zrun 0 zkdw
grhv wkh hylghqfh vd|B Xqlyhuvlw| ri Fklfdjr1
^64` Suhvv/ Z1/ Whxnrovn|/ V1/ Yhwwhuolqj/ Z1/ dqg Iodqqhu|/ E1 +4<<5,/ Qx0
phulfdo uhflshv lq Iruwudq1 Xqlyhuvlw| ri Fdpeulgjh Suhvv/ Qhz \run1
^65` Uhgg|/ M1 +4<<6,/ Dq Lqwurgxfwlrq wr wkh Ilqlwh Hohphqw Phwkrg1
PfJudz0Kloo/ Qhz \run/ Q\1
^66` Uxvw/ M1 +4<<9,/ Qxphulfdo g|qdplf surjudpplqj lq hfrqrplfv1 Lq
Dppdq/ K1/ Nhqgulfn/ G1/ dqg Uxvw/ M1/ hglwruv/ Kdqgerrn ri Frpsx0
wdwlrqdo Hfrqrplfv/ yroxph 4/ fkdswhu 471 Qruwk0Kroodqg1
83^67` Uxvw/ M1 dqg Skhodq/ F1 +4<<:,/ Krz vrfldo vhfxulw| dqg phglfduh dhfw
uhwluhphqw ehkdylrxu lq d zruog ri lqfrpsohwh pdunhwv1 Hfrqrphwulfd/
98+7,=:;4;641
^68` Vnlqqhu/ M1 +4<;;,/ Ulvn| lqfrph/ olih0f|foh frqvxpswlrq/ dqg suhfdx0
wlrqdu| vdylqjv1 M r x u q d or iP r q h w d u |H f r q r p l f v / 55=56:5881
^69` Wd|oru/ M1 dqg Xkolj/ K1 +4<<3,/ Vroylqj qrqolqhdu vwrfkdvwlf jurzwk
prghov= D frpsdulvrq ri dowhuqdwlyh vroxwlrq phwkrgv1 Mrxuqdo ri Exvl0
qhvv dqg Hfrqrplf Vwdwlvwlfv/ ;=44;1
^6:` Wuhvvohu/ M1 K1 dqg Phqh}hv/ F1 I1 +4<;3,/ Oderxu vxsso| dqg zdjh
udwh xqfhuwdlqw|1 Mrxuqdo ri Hfrqrplf Wkhru|/ 56=7587691
^6;` Yduldq/ K1 +4<;3,/ Uhglvwulexwlyh wd{dwlrq dv vrfldo lqvxudqfh1 Mrxuqdo
ri Sxeolf Hfrqrplfv/ 47=7<9;1
^6<` ]hoghv/ V1 +4<;<,/ Rswlpdo frqvxpswlrq zlwk vwrfkdvwlf lqfrph= Gh0
yldwlrqv iurp fhuwdlqw| htxlydohqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/
437=5:85<;1
84